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The concept of speciation through the 
accumulation of small heritable changes 
which ultimately lead to reproductive in- 
compatibility in separated animal or plant 
populations, finds support in examples of 
intraspecific sympatry. When one or 
more subspecies of a polytypic species are 
found living together (or in juxaposition ) 
with little or no evidence for interbreeding 
and elsewhere are connected to one an- 
other by smoothly intergrading popula- 
tions, the closely associated subspecies 
may be regarded as having reached the 
species level in their relationship. — If 
there were to be an environmental change 
of sufficient magnitude to eliminate the 
connecting populations, recognition of the 
overlapping or geographically contiguous 
forms as full species would be justified. 
One can point to numerous examples 
of sibling species which may have come 
about in this way. However, those who 
find the neo-Darwinian explanation for 
species formation unacceptable, hold that 
the examples of so-called “circular over- 
lap” are defective in one way or-another 
and are not satisfactory evidence for spe- 
cies formation through a process of mi- 
croevolution. Objections may stem from 
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what is regarded as inadequate evidence 
for a species level of relationship between 
the overlapping forms or from lack of 
evidence for sympatry. 

Although to the microevolutionist ab- 
sence of intergrades between contiguous 
subspecies of a bonafide species may in 
itself be considered adequate evidence for 
a species level of relationship, it is es- 
pecially satisfying to find representatives 
of the divergent forms living together in 
the same habitat. Some vears ago I dis- 
cussed evidence for intraspecific sym- 
patry in the Ensatina Rassenkreis. 
though no objection has been raised as 
to the taxonomic relationship of the closely 
associated subspecies, Dodson (1952) has 
pointed out the lack of conclusive evi- 
dence for sympatry. Although individuals 
of each type were known from similar 
habitats in the same general area, they 
had not been taken at the same place or 
in a_ situation where contact seemed 
certain. 

It is now possible, after some 10 years 
of intermittent search, to remedy this de- 
fect. Individuals of the two subspecies 
have been found within a few hundred 
yards of one another in the same canyon 
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Fic. 1. 


Representatives of subspecies of the salamander Fnsatina esch- 


scholtsi from Mill Canyon above Banning, San Bernardino County, Cali- 


fornia. 


At this locality the two most divergent color types of the ensatina 


Rassenkreis are found. Above is MVZ 64706, a representative of the sub- 
species eschscholtzi and below, MVZ 64702, a croceater-klauberi intergrade. 
The specimens were collected within several hundred yards of one another. 


and life-zone, and although they have yet 
to be found under the same log, it seems 
certain that they must come into contact. 
Before presenting the details of this dis- 
covery, I shall briefly set forth the facts 
of distribution and variation in this group 
of salamanders to help orient the discus- 
sion to follow. A full account is given in 
my 1949 paper. 

The genus Ensatina comprises a single 
polytypic species consisting of seven well 
defined subspecies distributed from ex- 
treme southwestern British Columbia to 
southern California, chiefly west of the 
crest of the Cascade-Sierran mountain 
system. In California ensatinas of the 
coastal mountains and the Sierra, sepa- 
rated by the Great Valley where they are 
evidently unable to exist at the present 
time, have diverged greatly in coloration. 
The subspecies of the coast are chiefly 


uniformly brown to reddish above, much 
like the widespread northern type (sub- 
species oregonensis ), whereas those of the 
Sierra and higher mountains of southern 
California are conspicuously blotched with 
orange, yellow, or cream. 

In the mountains of northern California, 
the orange blotching of the interior moun- 
tain type becomes progressively reduced 
toward the coast until there is complete 
mergence with the coastal type. At the 
southern end of the range, over 500 miles 
(air line) from this area of intergradation, 
the two types reach their greatest degree 
of difference, of such magnitude as to 
justify their recognition as separate spe- 
cies (fig. 1). Indeed, they were so re- 
garded until it was shown that they were 
connected, albeit by a circuitous route, 
through a graded series of intermediate 
types (Stebbins, op. cit.). 
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It seems probable that the blotched type 
reached the mountains of southern Cali- 
fornia from the north, dispersing along 
the Sierran-Tehachapi mountain system 
and that the coastal type reached the 
same area via the coast range. Upon ar- 
rival in southern California, the latter dis- 
persed to higher elevations, perhaps under 
the stimulus of post-Pleistocene aridity, 
and approached and perhaps in some 
places replaced or became associated with 
the older, more zonally restricted blotched 
form. 

At a point farther north the two di- 
vergent types also came together. At a 
time when conditions in the Great Valley 
of California were more suited to the 
existence of these salamanders, the coastal 
subspecies .ranthoptica, which lives in the 
vicinity of San Francisco Bay, crossed 
the Valley and became established in the 
Sierra opposite the Bay. Here it is found 
associated with the Sierran blotched sub- 
species platensis, with which it hybridizes. 

These facts of distribution, color varia- 
tion, and relationship suggest that there is 
progressive genetical divergence in the 
blotched and unblotched lines, increasing 
with distance from the area of smooth 
intergradation in northern California. 

The contact points in the central Sierra 
and the southland present us with a natu- 
ral experiment which tests the degree of 
divergence. The Sierran contact indi- 
cates that at this intermediate distance 
reproductive incompatibility is not com- 
plete, but in southern California, at the 
terminal extremes of the chain of sub- 
species, present evidence suggests that 
there it is complete. It is this latter point 
that commands our attention in the pres- 
ent paper. Are there actually places 
where the two divergent subspecies live to- 
gether and, if so, what is their reproduc- 
tive behavior in such areas? 

Previous evidence for close association 
of the blotched and unblotched sala- 
manders in southern California was cir- 
cumstantial. A specimen of eschscholtzt 
was collected by me 44% miles (air line) 
southwest of Alpine in a narrow part of 
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Harbison Canyon at an elevation of 700 
feet in San Diego County, in the extreme 
southern part of the range of the species. 
Three specimens of klauberi in the col- 
lection of Laurence M. Klauber are la- 
belled “Alpine.” This community is at 
an elevation of between 1,800 and 1,900 
feet on a gently sloping bench above the 
eastern slope of Harbison Canyon. Both 
localities are in a plant association of 
coast live oak (Quercus agrifolia) and 
chamise (Adenostoma fasiculatum). 

This is evidently the lowest known alti- 
tude of occurrence for klaubert, which is 
chiefly an inhabitant of the Transition 
Life-zone. The subspecies eschscholtzi, 
the lowland type, is spotty in occurrence, 
rarely collected, and probably chiefly sub- 
terranean in habit. Perhaps its scarcity in 
the San Diego area has permitted the 
penetration of klauberi to low altitudes. 
Farther north, in the San Gabriel moun- 
tains where eschscholtzi is widely distrib- 
uted and ranges to 6,500 feet elevation, 
no blotched salamanders have been found 
although the habitat appears entirely suited 
to them. Since this gap occurs in a con- 
tinuous mountain system, at each end of 
which are populations of the blotched 
form, displacement of the blotched type 
by eschscholtsi seems probable. The gap 
may be closed in part at least by further 
collecting. 

Another area of presumed overlap was 
Mill Creek above Banning in the San 
Bernardino Mountains, San Bernardino 
County (fig. 2). Here eschscholtsi had 
been collected in the Transition Life-zone 
at Forest Home, at an elevation of 5,200 
feet. The vegetation at the collection site 
was canyon live oak, incense cedar, and 
yellow pine. Two specimens of the 
blotched form, paratypes of Dunn’s (1929) 
Ensatina klaubert (USNM_ 75229-30), 
are labelled, “Mill Canon, Banning Water 
Cafion, Banning, Calif.” On the basis of 
this locality which somehow was entered 
in my 1949 report (pages 463 and 504) 
as “Mill Creek and Water Canyon” above 
Banning, I assumed that one of the speci- 
mens had come from the same canyon as 
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Ensotina eschscholtzi \ 
croceoater - klauberi 
© Ensotina e. eschscholtzi Banning 
Miles 


Fic. 2. Map showing area of presumed sympatry of divergent and over- 


lapping representatives of the ensatina Rassenkreis. 


Two individuals of the 


subspecies eschscholtzi and a croceater-klauberi intergrade were collected 
here on April 23, 1956, at elevations, respectively, of 6,100 and 6,300 feet. 
The questioned symbol may belong in Mill Canyon. 


the individuals of the subspecies esch- 
scholtzi. The canyon of Mill Creek, in 
which Forest Home is located, is well 
known and appears on most maps. Its 
headwaters lie above and to the north of 
Banning, and drainage is to the west. 
The city of Redlands is situated near its 
mouth. Altitudinal and zonal overlap 
was further indicated by the occurrence 
of the blotched form at Crystal Creek, on 
the north side of the San Bernardino 
Mountains where the salamanders range 
from 5,000 to 6,200 feet, and by the exist- 
ence of eschscholtzi at Lake Arrowhead 
(5,000 feet) and in the San Gabriel Moun- 


tains, in the same mountain system and 
plant association at 6,500 feet. However, 
no blotched ensatinas have been found in 
these areas. 

Mill Creek above Kedlands has thus 
been the center of attention on frequent 
trips. On April 23, 1956, having re- 
peatedly failed to find the two types of 
salamanders in this area, we set out to 
explore the upper part of the White Wa- 
ter River which lies over the divide to the 
east of the headwaters of Mill Creek, 
thinking perhaps this might be the ‘‘Water 
Canyon” from which one of the blotched 
specimens was presumed to have come. 
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A series of fortuitous events took us in 
another direction, however, and to the 
long-sought goal. Frank Brundage, a 
fish and game officer, when informed of 
our desire to reach the headwaters of 
White Water River, mentioned that San 
Gorgonio River above Banning was 
known locally as “Water Canyon.” We 
decided, therefore, to investigate this river 
system before proceeding to White Water. 

At one of the maintenance stations in 
the canyon, Powall F. Helton, a water 
company employee, offered to take us to 
a place where he thought we might find 
salamanders. In the course of the search 
he mentioned a tributary of Water Canyon 
called Mill Canyon (not to be confused 
with “Mill Creek”). It now seemed evi- 
dent that we were in the proper area, espe- 
cially when he informed us that the head- 
waters of Mill Canyon extended to over 
5,500 feet, the altitude mentioned by 
Dunn (op. cit.). We learned further 
that Arthur Gilman, the collector, was 
still alive and lived in Banning. At the 
next powerhouse up canyon we learned 
by phone the location of the collection 
site. 

Gilman recalled that he had found a 
“black and pale colored” salamander at 
the foot of a waterfall in the narrow 
craggy upper reaches of Mill Canyon. 
Judging from the label accompanying 
(but not attached to) the specimens, they 
were both taken at the same locality on 
October 10, 1926, At this time of year 
the sexes of other members of the species 
are often associated and the two animals 
may have been found together. One is a 
male 65 mm in snout-vent length, the other 
a female 57 mm in length. The sperm 
ducts of the male are tortuous and evi- 
dently full of spermatozoa. 

We had no difficulty in locating the 
waterfall and spent half an hour of fruit- 
less search in the immediate vicinity. 
The canyon walls near the stream gave 
evidence of high water and frequent slides. 
We turned our attention to the firmer 
rocks and leaf accumulations under can- 
yon oaks on the steep hillsides. In 15 
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minutes in this habitat we found a large 
adult male resembling in its markings 
the USNM specimens. Further inten- 
sive search beneath the oaks and incense 
cedars where leaf litter, logs and rocks 
were abundant, yielded no more specimens 
in the waterfall area. 

As we returned down canyon we con- 
tinued our search. Less than a quarter of 
a mile from the previously described col- 
lection site and perhaps 200 feet lower in 
elevation, we found two examples of the 
unblotched type. Many logs lay about 
the canyon bottom attesting to periods of 
high water. Since ensatina commonly 
enters logs it seems certain that there is 
frequent down-canyon seeding of the 
blotched type, even if it is chiefly con- 
fined to the extreme upper reaches of the 
canyon. Actually, the blotched type is 
probably distributed well down canyon in 
the canyon oak-incense cedar association 
as it is in other parts of its range. 

The three individuals of the blotched 
form now known from Mill Canyon are 
considered to be croceater-klauberi inter- 
grades. They all have the rectilinear 
markings of klaubert but, as based on the 
recently collected individual, the cream 
color of adult croceater. They are similar 
in almost every respect to adults from 
Crystal Creek, 14 miles north and 5 miles 
west (airline) of the present locality, on 
the north side of the San Bernardino 
Mountains. It would be of interest to 
know the coloration of the young. Young 
individuals from Crystal Creek and ju- 
veniles of typical croceater have greenish- 
yellow markings, whereas young klauberi 
have orange markings. 

Dodson (1952:312) has referred to 
the situation in Ensatina eschscholtzi as 
an exceptionally illustrative Rassen- 
kreis, the facts of which comprise perhaps 
the strongest argument available for the 
neo-Darwinian theory.” He calls* atten- 
tion, however, to what he regards as weak- 
nesses in the data. 

At the time of my study (1949) there 
were available 202 specimens of esch- 
scholtsi, 15 croceater, and 48 klauberi, 
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the subspecies occurring in the area where 
overlap might be expected to occur. Dod- 
son states that, “It is entirely possible 
that such scant collections may miss in- 
tergrades which actually do exist,” a 
statement with. which I concur, even 
though the numbers of specimens in all 
groups has been greatly increased over 
the last 8 years and still no intermediates 
have come to light. At the Mill Canyon 
locality we now have an opportunity to 
discover if interbreeding occurs in an 
area of seemingly unquestionable sym- 
patry. Dodson states further that it is 
possible that eschscholtzi and klauberi do 
not interbreed for some reason which is 
independent of genetic isolation such as 
preferential mating, ecological isolation, 
or the timing of mating activity. It seems 
to me that such differences, if they exist, 
would necessarily have a genetic basis 
and hence would constitute a type of 
genetic isolation, even though there might 
be no fertility barrier following mating. 

At the present time little is known 
about the mating habits of these sala- 
manders but it is pertinent to report the 
results of an attempt to test the behavior 
of a male croceater in breeding condition 
in the presence of a female ranthoptica, a 
representative of the unblotched form. 
Previous experiments with -ranthoptica 
pairs had shown that sight and apparently 
olfaction are senses used by the male in 
recognizing the female. In the experi- 
ment the male croceater actively pursued 
the female ranthoptica for many hours in 
repeated attempts to enter into courtship. 
The female was refractory. However, it 
must not be concluded that she was 
blocked by some unacceptable character- 
istic of the croceater male. In experi- 
ments with xanthoptica pairs, females are 
often unreceptive and seem to be more 
disturbed by conditions of captivity than 
are males. 

In regard to Dodson’s other points, I 
find no evidence for ecological isolation 
in areas where populations of the two sub- 
species are in proximity, and information 
available on breeding habits seems to rule 
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out differences in timing of breeding as 
an isolating factor. 

If the problem of rearing the eggs of 
ensatina can be solved, it should be pos- 
sible to perform breeding tests with the 
contrasting subspecies. Gravid females 
seldom deposit their eggs spontaneously 
when brought into the laboratory, al- 
though oviposition can be induced by the 
use of pituitary implants. It should be 
possible to treat the spermatheca of an ex- 
perimental female to eliminate residual 
spermatozoa from previous matings and 
to introduce spermatozoa from the sperm 
ducts of a donor male of the opposite sub- 
species at the time of pituitary-induced 
ovulation. This should insure fertilization 
of the eggs while at the same time allow- 
ing normal egg capsule formation. The 
eggs do not survive removal from the 
oviducts. At least as observed in captive 
individuals, following ovulation, transit 
of the ova to the cloaca is uninterrupted 
by a period of storage in the oviducts and 
an important contribution to the egg cap- 
sule is made in the cloaca. 
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INTRODUCTION 


In connection with investigations on 
populations of Drosophila several stud- 
ies have been made on rate of develop- 
ment. As a rule females are allowed to 
oviposit for about 24 hours or more 
whereupon the emerging adults are 
counted daily or every 2 days (see for 
example Dobzhansky, Holtz and Spassky, 
1942). In this way the time from egg- 
laying to eclosion will be known with a 
margin of at least 48 hours. Studies with 
closer margins are, on the contrary, 
sparse. Bonnier (1926) made an ex- 
periment in which egglaying was confined 
to 2 hours. Check was then made on 
pupation in 2 hour intervals, and of emer- 
gence of females and males also in 2 hour 
intervals. Dobzhansky (1930) studied 
the time of development of progeny of 
triploid females. In this case egglaying 
was also restricted to 2-hour-periods and 
the bottles in which the flies developed 
were examined every 2 hours. The pres- 
ent investigation was started with the aim 
of studying possible relations between the 
rate of development in x-ray induced sub- 
vitals and the degree of their subvitality 
as measured by their survival rates. To- 
gether with this a comparative inquiry is 
made into the variance of the rate of de- 
velopment in homo- and heterozygotes. 


MATERIAL AND METHODS 


A stock of Drosophila melanogaster was 
made coisogenic for the Ist, 2nd, and 3rd 
chromosomes by ordinary methods using 
dominant markers together with inver- 


1 This work was done under contract number 
23-7, Swedish Natural Science Research 


Council. 
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sions which more or less completely pre- 
vented crossingover. For the purpose of 
the experiment, chromosomes with the 
markers Cy, Cy L, D were, in different 
lines, retained in an otherwise isogenic 
background. With these lines the matings 
diagrammed in figure 1 were made. (P1) 
D males which were treated by an x-ray 
dose of 3,000 r were mated to Cy females. 
(Fl) Cy D males from the progeny were 
mated singly to Cy L females, and in the 
next generation (F2) Cy L females and 
males were mated in vials; when possible 
3 females and 2 males per vial. As may 
be seen, the irradiated Ist and 3rd chro- 
mosomes were thus substituted by non- 
irradiated chromosomes, whereas the ir- 
radiated 2nd (and the Y) chromosomes 
were retained in different strains within 
each of which all flies emanated from 
one single male of the Fl mating. The 
F3 progeny was counted and classified 
without recording the sexes separately. 
A number of control strains were, apart 
from the irradiation, produced in exactly 
the same manner as the irradiated strains. 
The wild type flies in the F3 were, as may 
be seen, homozygous. Their frequency, 
in percent of the total offspring, was used 
as measure of their viability. Thus, “nor- 
mal” viability was 33.3 per cent. The 
detailed results with regard to the fre- 
quency of subvital mutations are published 
elsewhere (Bonnier and Jonsson, 1957.) 
It may, however, be mentioned here that 
the total number of flies in F3 of the 21 
strains dealt with in this paper varied 
from 122 to 866, with an average of 433. 

By mating in F3 Cy L/+ females with 
Cy L/+ males and repeating this genera- 
tion by generation, a number of strains 
were produced, and some of these are 
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+ CyL + + Cy + 
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+ + + — ae D 
+ CyL + + CyL + 
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CyL + 
F3 ; 
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lic. 1. Rate of development of viability mutants in Drosophila melanogaster. 


used in the present experiment. When 
studying the rate of development the flies 
developed in specially constructed vials. 
These were 90 X 28 mm but the 20 mm 
of the lowest part of a vial was enlarged 
to a bulb of about 40 mm diameter. To 
avoid confusion these vials will be called 
“bulb vials” in contradistinction to the 
“ordinary vials” which were straight and 
90 x 28 mm. The upper surface of the 
food in the bulb vials was just above the 
bulb. This ensured that emerging flies 
could be shaken from the bulb vials sev- 
eral times without the food leaving its 
place in the bottom. 

From each of the different strains, 24 
in number, which were to be used in this 
experiment about 400 Cy L/+ females 
and about 200 Cy L/+ males were col- 
lected in 20 ordinary vials with 20 females 
and 10 males per vial. As the purpose of 
this study was to compare, within a num- 
ber of strains, the rate of development, 


but not the relative proportions of Cy L 
and wild type animals, no regard was 
paid to virginity of the outcrossed females. 
The flies were left for a few days in these 
vials. During the late afternoon the day 
before the egg collecting should begin 
(Febr. 27th, 1956) the flies were shaken 
over to fresh ordinary vials with about 
100 females and 50 males, thus 4 such 
vials per strain. 

The collection of eggs was made in an 
incubator room kept at 25° C. It pro- 
ceeded as follows. The 24 different 
strains were divided into 3 groups, I, II 
and III each containing 8 strains. At 10 
A.M. each of the 4 vials of each strain of 
group I were given a cardboard strip with 
a rectangular piece of food which was 
split into two slices. One hour later 
(11 a.m.) the cardboard strips were re- 
moved and the slices, 8 for each strain, 
with the eggs on them, were transferred 
to 8 bulb vials. At noon the vials of 
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group I were again given cardboard 
strips with food pieces which were divided 
into 2 slices; and at 1 p.m. these slices 
were transferred to 8 new bulb vials. The 
same procedure was repeated altogether 
4 times, and it was thus, for each of the 
8 strains of group I set up 32 vials in 
each of which the egglaying period was 
restricted to one hour. With regard to 
strains of groups II and III just the same 
was made but with starts half an hour and 
one hour later than for group I. The last 
egglaying period of the day was thus for 
group III between 5 and 6 p.m. Unfor- 
tunately, some females were lost at each 
transfer and the total output of the ex- 
periment was not as large as was hoped. 
All these transfers took time. 
Therefore they were, for each group, 
started about 5 minutes before the time 
of the schedule and were ready about 5 
minutes after the schedule. One can thus, 
with very good approximation, look upon 
the egglaying periods as being exactly of 
1 hour’s length. The bulb vials were put 
into specially built trays, “hatching trays.” 
Each such tray had 8 rows and 8 columns. 
All bulb vials from one and the same strain 
were placed in one column of the hatching 
tray, the different columns containing 
bulb vials from different strains. The 4 
hatching trays from each of the 3 groups 
of strains remained in the incubator room 
until all adults had emerged. 

The adults were collected with 2 hours 
intervals by shaking the emerged flies 
from bulb vials into ordinary vials, “col- 
lecting vials.” The work should, how- 
ever, have consumed quite too many col- 
lecting vials if there had corresponded, 
to each strain and to each 2 hour period 
of emering flies, one separate collecting 
vial. The work was, therefore, simplified 
and may be described as follows. Let the 
4 hatching trays corresponding to group 
| of strains be named a, b, c, d, and let 
one of the 8 strains of these hatching trays 
be named strain 1. The females of strain 


| had thus oviposited from 10 to 11 A.M. 
in a, from noon to 1 p.m. in >, from 2 to 3 
p.m. in cand from 4 to 5 p.m. in d. 


When 
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the adults began to emerge the 8 bulb 
vials of strain 1 in tray a were shaken over 
to a collecting vial. Two hours later the 
same 8 bulb vials of tray a were emptied 
into a new collecting vial, and, simultane- 
ously, the 8 vials of strain 1 in tray b 
were emptied in the same collecting vial 
in which two hours earlier the flies came 
from tray a. By proceeding in this way 
the flies of each separate collecting vial 
contained flies of one single strain and all 
of these flies had needed exactly the same 
amount of time (within the limits of time 
intervals used) to fulfil the development 
from oviposition to eclosion. 

The shaking over of the emerged flies 
from bulb vials into collecting vials was 
made by 3 groups of 4 coworkers most of 
whom were young students of genetics 
with some experience of Drosophila 
technique. The 3 groups of coworkers 
alternated in intervals of 8 hours. Each 
of the 4 persons working together during 
these 8 hours had, for each 2 hour period, 
thus to empty 64 bulb vials from each of 3 
hatching trays. Because of time con- 
sumed by all these manipulations, the emp- 
tying of bulb vials from hatching trays 
began 15 minutes before, and ended 15 
minutes after the schedule. In this way 
the coworkers could rest for 30 minutes 
during each of the 2 hour periods. Clas- 
sification of the emerging flies was made 
by trained persons as soon as possible 
when the collecting vials were ready. 

All of the work from collection of eggs 
to emptying the bulb vials was made 
within an incubator room. As the space 
in the ordinary incubator room was not 
large enough one of the smaller laboratory 
rooms of the institute was temporarily 
equipped for incubating at 25° C. Many 
checks of the temperature variations in 
different parts of the room were made 
both in advance and during the incuba- 
tion. These were found to be within the 
limits of +%° C. As 4 of the hatching 
trays contained replicates of the same 
strains, it had perhaps been possible to 
place these trays in such a way as to level 
out differences in rate of development due 
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to differences in temperature. But by the 
checks no such differences were foreseen. 
However, when eclosion began it was 
found that development in most of the 
bulb vials of some hatching trays con- 
taining replicates of the same strains de- 
veloped decidedly faster than in trays 
containing other strains. Regard to this 
is paid in the evaluation of the results. 

Bonnier (1926) had found that the ear- 
liest eclosion began about 210 hours, i.e. 
8 days and 18 hours after oviposition. As 
said above the first collection of eggs was 
made between 10 and 11 a.m. Adding 
210 hours to 11 a.m. of the day of egg 
collection the time is 5 a.m. on the 9th day 
thereafter (March 7th). It was, there- 
fore, supposed to be enough to make the 
first emptying of bulb vials at 8 A.M., cor- 
responding (for strains of group I, hatch- 
ing tray a) to the 2 hour period 6-8 a.m. 
of that day, i.e. the period 211 to 213 
hours after the end of the first one hour 
period of oviposition. But when the emp- 
tying work began, it was found that some 
bulb vials already contained rather many 
adults and that, hence, eclosion in these 
vials must have begun earlier than 6 a.m. 
Check had, however, been made that no 
adults had emerged at about 1 a.m. The 
error due to these early hatchers is cer- 
tainly insignificant. But because of the 
fact that development proceeded faster in 
some trays than in others, different strains 
cannot be compared directly. As the 
Curly Lobe and the wild type progeny of 
each separate strain, however, developed 
within common bulb vials, the compari- 
sons which are largely justified are those 
of the differences, within the separate 
strains, between the time of development 
of adults belonging to these two pheno- 
types. (The few crossovers Cy and L 
are excluded from all comparisons. ) 

In these comparisons the 2 hour pe- 
riod is used as unit and as a variate given 
the values 1, 2, 3, ... According to 
what is said above the value 1 is given to 
the 2 hour period 211 to 213 hours after 
the 1 hour period of the corresponding 
egg collection. The bulb vials were emp- 


tied according to the plan for 40 such 2 
hour periods (the last of which, that for 
group III, hatching tray d was 7-9 p.m. 
March 10th). During these 98.3 per 
cent of all adults emerged. The remain- 
ing 1.7 per cent were collected only twice. 
The times of these two collections were 
estimated roughly to correspond to the 2 
hour periods number 46 and 55. These 
values are, hence, used in the compu- 
tations. 

Each of the 3 groups of strains in- 
cluded 7 irradiated and 1 control strain. 
Of the irradiated strains 2 were homozy- 
gous lethals; the results from them are 
without interest and therefore left out 
here. One more of irradiated strains 
(nr. 14) was divided into two; different 
vials of the strain had produced rather 
different percents of wild type flies in F3 
but later this difference showed to be 
spurious and the two parts are pooled 
here. As presented here, the experiment 
includes thus 21 strains (18 irradiated 
and the 3 control strains ). 


THE VARIATION IN RATES OF DEVELOP- 
MENT OF HOMO- AND 
HETEROZYGOTES 


The results of the experiment are shown 
in table 1 in which the strains are ar- 
ranged according to their survival rates 
as measured by the percent of wild type 
flles in F3. The degree of variation in 
the length of time of development varied 
much from strain to strain. But before 
discussing this point some remarks must 
be made. 

(1) The mean squares of the time of 
development for wild type flies are cor- 
related with the average differences in 
developmental rate as may be computed 
from table 1. The coefficients are, for 
females 0.77, for males 0.66. It could, 
therefore, perhaps be vindicated that in 
order to avoid a metric bias in compari- 
sons between variations in developmental 
time of Cy L and of wild type flies, one 
should substitute the mean squares by 
coefficients of variation or use a loga- 
rithmic scale. But it can hardly be be- 
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TABLE 1. 


The time of development is given in units of 2 hours. 
Other strains have irradiated 2nd chromosomes (fig. 1). 


strains. 


rates (= per cents of wild type flies in F3, fig. 1). 


survival rates. 
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Results of experiments on rate of development 


Strains number 1002, 1003, 1004 are control 
The table includes also survival 
The strains are arranged according to their 


Total offspring in present 


Difference of Mean squares of time of 


experiment average time of development 
development of — 
females males wild type and females males 

Cy L flies — 

Strains Survival wild wild wild wild 
Nr rates type CyL type CyL females males type CyL type Cy L 
14 37.0 302 688 298 620 0.9 0.5 36.5 42.4 51.6 49.1 
1003 34.2 186 387 201 393 0.2 —1.0 36.8 26.7 43.7 45.7 
92 34.2 182 379 186 355 0.0 —2.6 33.6 34.0 31.8 82.6 
1004 33.6 166 319 144. 280 0.0 —1.0 44.5 42.7 52.2 53.1 
21 32.8 143 270 120 232 —2.3 —3.6 26.6 60.7 29.1 71.5 
1002 32.7 130 255 134 248 —1.5 —3.7 32.6 42.9 11.1 56.9 
77 31.1 152 337 138 261 1.0 3.7 62.8 80.6 76.4 52.0 
37 29.8 211 411 208 407 0.7 —2.6 91.7 64.4 70.3 93.6 
96 29.6 206 408 172 349 0.5 2.0 42.9 37.1 54.8 52.4 
38 29.6 186 368 180 368 1.3 1.9 26.5 27.7 44.4 28.0 
15 28.9 184 426 202 374 —0.2 —2.5 70.8 69.2 78.3 101.8 
81 28.5 161 327 160 293 1.2 1.3 a5. 37.7 40.6 36.9 
94 28.3 153 292 130 247 4.4 5.0 122.6 53.4 139.3 56.7 
73 26.4 228 523 203 451 8.6 5.6 62.7 38.5 84.8 78.5 
23 26.4 71 317 116 247 11.3 1.8 151.5 44.2 56.1 53.8 
97 25.3 169 355 161 295 —3.8 —6.2 35.2. 79.1 50.5 121.5 
11 24.5 114 280 128 281 3.2 3.9 68.8 43.2 84.0 13.7 
57 24.1 219 471 209 412 1.1 0.3 59.0 35.2 47.0 52.9 
58 21.4 85 271 87 244 26.6 25.1 115.6 29.8 91.3 35.3 
68 15.2 134 309 103 260 2.6 4.2 22.0 49.0 37.6 63.0 
3 5.4 16 272 22 240 22.2 19.1 179.7 29.6 164.0 37.0 
Average within strains 55.8 45.5 58.6 59.9 


lieved that the variation in time of de- 
velopment is a function of the average 
of this time. It seems much more plausi- 
ble that both variation and average are 
functions of the developmental homeo- 
stasis (Lerner 1954), i.e. that zygotes 
less buffered against environmental fluc- 
tuations respond to these, both with larger 
individual variations in rate of develop- 
ment and with increase of the average 
length of time to fulfil development. (2) 
In table 1 the strains are, as mentioned 
above, arranged in order corresponding 
to their survival rates (i.e. per cents of 
wild type in F3), thus to frequencies ob- 
served prior to the start of the present 
experiment. But after finishing this ex- 


periment new matings within the strains 
were made between Cy L/+ flies of the 


two sexes. In this case the flies were 
mated in pairs whereas in F2 (fig. 1) 
there were usually three females per vial. 
A detailed analysis of these pair matings 
will be published later. Here it may 
suffice to say that the survival rates ob- 
served from these pair matings differed, 
often considerably, from the F3 survival 
rates. When thus considerations, based 
on the observed statistics are made as 
shown in table 1 these should not be 
taken to be more than they are, viz. indi- 
cations of the nature of the causes of the 
observed variations. It should ‘also be 
stressed that, because of the technique 
used when collecting the emerging flies 
(see above), the observed variances can- 
not be partitioned into their different com- 
ponents. 
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TABLE 2. 
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Comparison of mean squares of wild type (homozygous) and Cy L (heterozygous) 


flies with regard to their rate of development 
The ‘‘upper half’’ include strains with the higher survival rate, the ‘“‘lower half’’ strains with the 


lower survival rate (see also text). 


Average mean square 
Signifi- 


Degrees of freedom within strains 
acnce of 
wild wild difference, 
type Cy L type CyL_ difference 
Upper half (10 strains) 
females 1854 3812 44.0 45.1 — 1.1 0.67 
males 1771 3503 47.8 57.9 —10.1 0.001 
Lower half (11 strains) 
females 1523 3832 70.0 45.9 24.1 «0.001 
males 1510 3333 71.2 61.9 9.3 0.02 
Upper half (11 strains) 
females 2037 4237 46.4 47.5 — 1.1 0.67 
males 1972 3876 51.0 62.2 —11.2 0.0003 
Lower half (10 strains) 
females 1340 3407 69.9 43.0 26.9 «0.001 
males 1309 2960 70.0 56.9 13.1 0.002 


As table 1 shows the average within all 
strains of the mean squares (which is 
computed from the sum of squares not 
shown explicitly in the table) is larger for 
wild type (homozygous) females than for 
Cy L (heterozygous) females. In the 
case of males the corresponding average 
is practically identical for wild type and 
Cy L. However, when comparing the 
mean squares with the F3 survival rates 
the strains may conveniently be parti- 
tioned into two halves, the upper half in- 
cluding those with the higher survival 
rates and the lower half including those 
with the lower survival rates. But as 
there are 21 strains there is one, the 11th, 
which when dividing into two halves may 
be included in one or the other of these. 
Strain nr. 15 has this central position and 
as the Cy L males of this strain happens 
to have a very high mean square the par- 
tition is made in both ways. The results 
of the partitioning are found in table 2: 
the two ways of dividing the material into 
two halves give very similar results. 
Within the two halves the table shows 
the difference between the average mean 
squares for wild type and for Cy L/+ 
flies and also the significance of this dif- 
ference. With the large degrees of free- 


dom present here, the common tables for 
comparing mean squares are of limited 
use. The significances are, therefore, 
computed by direct application of Fisher’s 
s-method (Fisher, 1936, example 37). 

As may be seen the differences are 
highly significant within the lower half 
with regard to females as well as to males. 
In the upper half, on the contrary, there 
is no difference on the female side. In the 
case of males, however, the mean square 
of Cy L is significantly larger than that 
of wild type. As this in itself is difficult 
to explain one must, to the warnings given 
above, add that one has to be somewhat 
hesitant when drawing conclusions from 
the significance levels when no partition- 
ing of the observed variances into their 
components is possible. It should also be 
stressed that the distribution of the time 
of development within the different 
strains is far from normal, and that it is 
possible that the same is true for the 
average time within strains. 

Without forgetting all these reasons 
for being cautious, it seems safe to say 
that the results rather strongly indicate 
that in strains, which in homozygous con- 
dition have viabilities lower than normal, 
the variance (as measured by the mean 
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squares) is larger for homozygotes (wild 
type) than for heterozygotes (Cy L); 
whereas in strains with normal viability, 
such a difference is not found. Granting 
that these conclusions are really valid it 
follows that it is not homozygosity per se 
which in the present material makes the 
individuals less buffered against environ- 
mental stresses and therefore more vari- 
able than heterozygotes. Strains which 
vary much do this because they have a 
lowered viability and therefore are more 
sensitive to variations in their environ- 
ment. Their low viability is caused by 
their being homozygous, but low viability 
is not a necessary consequence of ho- 
mozygosity. 

Quite recently Dobzhansky and Le- 
vene (1955) made a statistical analysis 
of data on D. pseudoobscura which were 
presented in a simultaneously published ar- 
ticle by Dobzhansky, Pavlovsky, Spassky 
and Spassky (1955). They studied the 
effect on survival rates of different kinds 
of environments. Of these they distin- 
guished between, on the one hand, micro- 
environmental variation, which was that 
found among replicated cultures. and, 
on the other hand, macroenvironmental 
variation, which was caused by differences 
in experimental conditions (use of dif- 
ferent species of yeast and of different 
temperatures). The material for their 
studies was composed of a number of 
subvital strains and a number of super- 
vital strains. They found that the vari- 
ances observed in micro- as well as macro- 
environmental variations were larger for 
homozygous subvitals than for homozy- 
gous supervitals (in their estimates of the 
variances the part due to sampling was 
eliminated), though the difference was 
significant only for the macroenvironment. 
So far the results of the present study is in 
accordance with their results. They 
found, however, also that the variance for 
homozygous supervitals was larger than 
that for heterozygotes, a fact which is 
not corroborated by the present investiga- 
tion. But there is one thing which must 


be kept in mind when comparing the two 
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results: in their experiments “heterozy- 
gous” means heterozygous for two dif- 
ferent wild type chromosomes, whereas 
heterozygosity in our case is for one wild 
type and one Cy L chromosome. As we 
do not know to which extent the Cy L 
chromosome influences viability and rate 
of development in our experiment, a di- 
rect comparison between the two results 
may not be appropriate. Still it seems to 
be urgent that more investigations should 
be done on the relationships, from the 
point of view of homeostasis, between 
homozygotes and heterozygotes of equal 
viability. 


RATE OF DEVELOPMENT AS INDICATOR OF 
SUBVITALITY 


The present investigation was from the 
beginning started as a model experiment. 
The estimation of the frequency of sub- 
vitals and the isolation of subvital strains 
is a difficult task in Drosophila. But it 
is very much more difficult in other kinds 
of crossbreeding animals, where there, in 
contradistinction to Drosophila, is no ac- 
cess to suitable marker genes. Still, from 
the point of view of human populations it 
is of the utmost importance to study radi- 
ation (or by other mutagens) induced 
subvitals in mammals, e.g. mice, and, 
therefore, it seems to be necessary to try 
less direct means to overcome at least 
some of the difficulties. Now, if sub- 
vitals do develop at a slower rate than 
“normals’—which, on a priori grounds, 
is probable—then it would seem possible, 
also in mice, to isolate subvital strains by 
selecting slow growers among the prog- 
eny from crosses which produce homozy- 
gotes. 

Looking now to table 1 it is seen that 
the average time of development increases 
when the F3 survival rate decreases. 
The coefficient of correlation is -for fe- 
males as well as for males — 0.66 and this 
coefficient is highly significant (table 3). 
It is of course true that the two strains 
nr. 3 and nr. 58 weigh heavily in produc- 
ing this correlation. If these strains are 
excluded the correlations will be — 0.33 
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TABLE 3. Correlation between survival rates and 
differences in time of development between 
wild type and Cy L flies 


Correlation Significance 
coefficient P 
All 21 strains 
females —0.66 0.001—0.002 
males —0.66 0.001-—0.002 
After exclusion of 
strains nr. 3 and 58 
females —0.33 0.1-0.2 
males —0.39 0.05—0.10 


and — 0.39 (table 3) which cannot be 
looked upon as significant. But with re- 
gard to the small number of strains in- 
cluded in the experiment this is not 
surprising. 

That there may exist homozygotes with 
good viability but with a slow rate of de- 
velopment and also, vice versa, homozy- 
gotes with low viability combined with 
normal rate of development has, for D. 
pseudoobscura, been emphasized by Dob- 
zhansky, Holz and Spassky (1942). In 
the connection of their studies this point 
was of special interest. In their table 
9 they tabulate the strains both accord- 
ing to percent wild type and the rate of 
development. They have grouped this 
latter character as fast, normal, slow, very 
slow. Assigning to these rates of de- 
velopment values which differ by the same 
amount between two consecutive groups 
one finds the coefficients of correlations, 


second chromosome r= — 0.32. fourth 
chromosome r= — 0.26; in both cases 
P < 0.001. 


From these considerations it seems 
rather certain that if nothing was known 
about the viability of the homozygotes but 
only their rates of development, one 
would preferentially draw strains with 
low viability through selection of slow 
growers. As far as this conclusion may 
be extrapolated to other kinds of ani- 
mals the same procedure would be pos- 
sible also for them. These results indi- 
cate thus that it would be worth while to 
try some method of this kind for finding 
and isolating mice strains which, from 


irradiation (or by other means) have 
mutated to a lowered viability. 


SUMMARY 


1. 21 wild type strains of Drosophila 
melanogaster which were coisogenic for 
chromosomes | and 3 and homozygous for 
different chromosomes 2 (which in 18 of 
the strains were previously irradiated) 
were tested with regard to viability by 
making the cross Cy L/+ xX Cy L/+. 
The per cent of wild type flies in the F3- 
progeny, the “survival rate,” was used as 
a measure of viability. 

2. Experiments were performed with 
these strains on rate of development in 
25° C. Cy L/+ females were allowed to 
Oviposit in periods of 1 hour and eclosion 
was checked with 2 hour intervals. 

3. When arranging the strains in or- 
der according to their survival rates and 
grouping them into two halves, the upper 
half including strains with higher sur- 
vival rates and the lower half including 
strains with lower survival rates, it was 
found that in the lower half the variances 
(estimated by the mean squares) in rate 
of development were significantly larger 
for wild type (homozygous) than for 
Cy L (heterozygous) flies. This was, 
however, not found in the upper half of 
strains. 

4. For several reasons, which are dis- 
cussed, one must be cautious when draw- 
ing conclusions from these findings. Still 
they indicate that, with regard to the 
character studied, flies with less viability 
vary more than those with higher viability. 
This is in accordance with recent studies 
on developmental homeostasis. Flies of 
less viability are found among the _ ho- 
mozygotes in some of the strains. But 
as there are also strains with high via- 
bility of the homozygotes and as the ho- 
mozygotes in these strains do not vary 
more than do the heterozygotes, there 
is no indication from the present study 
that it is homozygosity and heterozygosity 
per se which regulate the homeostatic 
forces. When comparing this with re- 
sults of other investigators it must be 
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kept in mind that heterozygosity in the 
present study means heterozygosity with 
regard to one wild type and one Cy L 
chromosome, in contradistinction to many 
other investigations where the heterozy- 
gosity concerns two different wild type 
chromosomes. 

5. A rather strong correlation is found 
between the viability of the homozygotes 
and their rate of development. It is con- 
cluded that if one did not know anything 
about the viabilities of the different strains 
but selected slow growers, then one would 
preferentially draw less viable strains. It 
is stressed that if it were valid to extrapo- 
late this to other animals in which there 
is no, or a limited, access to marker genes, 
it would be possible to find and isolate sub- 
vitals from selecting slow growers oc- 
curring in crosses producing homozy- 
gotes. With regard to questions on hu- 
man populations and the importance of 
studying induced viability mutations 
(from radiation or from other sources) 
in mammals it would seem to be worth 
while to make experiments with e.g. mice 
along these lines. 
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INTRODUCTION 


Drosophila willistoni is one of the com- 
monest, and often the commonest, species 
of its genus in a territory extending from 
the West Indies to La Plata, and from 
the Atlantic to the Pacific or to the east- 
ern slope of the Andes. In this enormous 
distribution region, many populations 
carry great stores of polymorphs, the most 
obvious of which are the variant gene ar- 
rangements in every one of the three 
chromosome pairs which the species has. 
In fact, D. willistoni has the greatest num- 
ber of chromosomal inversions found 
within populations of any species so far 
investigated—47 kinds of inversions, up 
to 9.4 heterozygous inversions per indi- 
vidual in a breeding population, and up to 
16 heterozygous inversions in a single 
individual (Dobzhansky, Burla, and da 
Cunha, 1950; da Cunha and Dobzhansky, 
1954, and unpublished data). The popu- 
lations of different geographic regions 
show however some diversity, both with 
respect to the quality and especially with 
respect to the quantity of the polymorphs 
present. Thus, on the continent of South 
America, the number of heterozygous in- 
versions per female fly varies from about 
1 to more than 9 in different regions. 

Owing to the generosity of Drs. H. L. 
Carson, W. B. Heed, W. S. Stone, and 
M. R. Wheeler, the writer has been privi- 
leged to examine population samples of 
D. willistont collected by these colleagues 


1 The work reported here has been carried 
out under Contract No. AT-(30-1)-1151, U. S. 
Atomic Energy Commission. 


on several islands of the Greater and the 
Lesser Antilles, as well as on the neigh- 
boring mainlands of Central and South 
America. The study of chromosomal 
variability in this material proved quite 
rewarding since it throws light on the 
mechanisms of racial differentiation, es- 
pecially of the geographically marginal 
populations of the species. The results of 
this study are reported in the following 


pages. 
MATERIAL 


Tables 1-3 show the composition of the 
population samples from groups of lo- 
calities indicated on the map in figure 1 
and numbered from 1 through 15. The 
following list of the localities and collect- 
ing dates has been kindly supplied by Drs. 
M. R. Wheeler, and W. B. Heed. 1, 
Bucaramanga, Colombia, September 14, 
1956. 2, Sierra Nevada de Santa Marta, 
Colombia, September 1956. 3A, Barro 
Colorado Island, Panama, November 
1955. 3B, same, August 1956. 4A, Tur- 
rialba, Costa Rica, August, 1956. 4B, La 
Lola, Costa Rica, August 1956. 4C, San 
Jose, Costa Rica, August 1956. 4D, San 
Isidro de General, Costa Rica, August 
1956. 5, Lancetilla, Honduras, April 
1954 (see Dobzhansky and Pavlovsky, 
1955). 6A, El Salvador, May and Au- 
gust 1954 (see Dobzhansky and Pavlov- 
sky, 1955). 6B, San Salvador, Septem- 
ber 1955. 7, Lake Placid, Florida (see 
Townsend, 1952). 8, Hot Mineral 
Spring, Bath, Jamaica, February 1956. 
9A, Santiago de Cuba, February 1956. 
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9B, Contramestre, Cuba, February 1956. 
9C, 18 Km from Trinidad, Cuba, Febru- 
ary 1956. 10, Petionville, Haiti, Febru- 
ary 1956. 111A, El Yunque Resort, 
Puerto Rico, January 1956. 11B, Rio 
Piedras Agricultural Experiment Station, 
February 1956. 12, Monkey Hill, St. 
Kitts, January 1956. 13, St. Lucia, Janu- 
ary 1956. 14A, Turner Hall Woods, 
Barbados, January 1956. 14B, Claybury, 
Barbados, January 1956. 15A, Sangre 
Grande, Trinidad, December 1955. 15B, 
Arima Valley, Trinidad, December 1955. 

The specimens of the wi/listont group 
of five sibling species collected in the 
above localities were shipped by air to the 
laboratory at the Columbia University. 
Single female cultures were next estab- 
lished from these wild flies, and the spe- 
cies were classified by Mr. B. Spassky by 
inspection of the genitalia in living F, 
males under a high magnification of a 
binocular dissecting microscope. The 
subsequent cytological examination of the 
chromosomes in the larval salivary glands 
disclosed no misdeterminations of the spe- 
cies. The cytological examination was 
carried out in September—October of 1956 
by the writer, using the slides prepared by 
Mrs. O. Pavlovsky and Mrs. N. Spassky. 
Since, for some of the samples, several 
months elapsed between the capture of the 
flies and the cytological examination of 
their progeny, a slight amount of inbreed- 
ing might have taken place in the cultures. 
Although, after the first generation raised 
in the laboratory, the cultures were main- 
tained by transferring at least two dozen 
adult flies, it was decided to examine the 
chromosomes in larvae coming from in- 
tercrosses of pairs of strains from the 
same locality. The numbers of such in- 
tercrosses were, of course, equal to the 
numbers of the strains from the respective 
localities, each strain being used in two 
intercrosses (A XB, BxC, CxD, 
Dx E, ete.). The chromosomes of a 
single larva from each strain or each in- 
tercross were examined for heterozygous 
inversions. The inversion homozygotes 


are mostly not distinguishable with suff- 
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cient accuracy, at least without a prohibi- 
tive amount of work, in D. willistoni. 
Since no heterozygous inversions can be 
seen in the X-chromosomes of male larvae, 
females were chosen whenever convenient. 


DISTRIBUTION OF INVERSIONS CONSIDERED 
SEPARATELY 


A summary of the data on the composi- 
tion of the samples examined is given in 
table 1, by chromosome limb and by lo- 
cality. <A total of 36 different inversions 
are recorded. A majority of these, 33, 
were detected previously in Brazilian 
populations of D. wllistont; they are de- 
scribed, and some of them figured, by da 
Cunha, Burla, and Dobzhansky (1950). 
One inversion, A-1 in the third chromo- 
some, was found by Townsend (1952) in 
two chromosomes from Florida. A new 
inversion was found in a single XR chro- 
mosome from Jamaica, and another new 
one in a single third chromosome from 
Santa Marta, Colombia. The former in- 
volves an inversion of the block of genes 
comprising the section 11 and the adjacent 
part of section 10 of the standard map 
(Dobzhansky, 1950). The latter inverts 
a part of the section 94 of the standard 
map. These inversions are marked in 
table 1 by asterisks. 

It will be convenient to analyze the data 
by dividing the inversions observed into 
three groups: the universal, the wide- 
spread, and the endemic ones. Strictly 
speaking, the only inversion recorded 
universally in all populations of the species 
is III-J. It has been found from Argen- 
tina and Uruguay, throughout Brazil (da 
Cunha and Dobzhansky, 1954), through- 
out Central America and the West Indies 
(table 1 of the present work), and in 
Florida (Townsend, 1952). The inver- 
sions IIL-F and IITR-E may also be uni- 
versal, although IIL-F has not been re- 
corded in Florida and in Honduras, prob- 
ably because the samples studied were too 
small. The inversion ITR-E has not ap- 
peared in a sample of 43 flies from La 
Plata, Argentina (da Cunha and Dob- 
zhansky, 1954), and among 76 flies from 
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TABLE 1. Frequencies (in per cent) of inversion heterozygotes in the populations studied 
(Asterisks refer to single chromosomes with new gene arrangements mentioned in the text.) 


Chromosome 
None 41.8 | 42.9 72.0 57.1 75.0 57.1 100.0 98.9 100.0 89.5 96.0 100.0 100.0 90.4 92.8 
A | 12.7 | 7.1112.0/ 4.8 — | 1.1 96 3.6 
$3 1943) — | 10.7 10.5 
D | 1.8 | 143) 40) — 16.6 = 
C&D 7.1/12.0| 9.5! 8.5 | 32.1 
D&H — — — _ 3.6 
XR Chromosome 
None | 36.4 | 71.4) 12.0 57.1 58.3 | 85.7 98.6 96.7 100.0 100.0 92.0 100.0 90.6 66.3) 57.1 
A | 18.2 | 21.4/ 320) — 1.4 — | 13.3|179 
Cc 38.2 28.6 56.0 14.3 8.3 10.7 _ - 84 3.6 
D 40.0 21.4 286 41.6 10.7) — 2.2) 4.7| 14.5 | 21.4 
Females Studied 55 | 14 25 | 21 | 12 | 28 | 70 | 93 | 45 19 | 25 SO 64 | 83 | 28 
IIL Chromosome 
None 21.6 | 24.0 | 27.8 | 8.1 | 56.3 23.7 | 46.2| 59.2 | 42.3 60.0/ 72.2 93.4) 81.0 40.8 37.5 
Aor B | 20.6 | 44.0 | 16.7 43.2 | 12.5 | 32.2 | 29.8) 31.7 | 30.7) 10.0 22.2 42.7 | 17.5 
A&B 23.9 | 12.0/ 12.7) 81] — — — — — _ 10 2.5 
Cc —_|— 2.7; — _ _ 6.8 40.0 
DorE | 16.0 13.9 24.3 55.9 356 99 38 100 8&3 
D&E 12.6 |200 83 54 _ a7) 
F | 45.5 | 36.0 | 55.6 | 56.7| — 11.9) — | 106! 53.8! 16.7| 8.3 6.6 13.0 39.8 30.0 
IIR Chromosome 
None 31.8 32.0 38.9 35.1 62.5 37.3 53.8 55.6) 53.8 53.3 66.7 100.0 90.0 55.3 67.5 
A 20.5 | 12.0 | 36.1 | 37.8| — | 23.7] 12.5| 15.5 | 23.0] 16.7 _ 10 2.9) 2.5 
B 46 | 16.0; 2.8 | 13.5 — — 14); — — | 5.6 40' 39 — 
Cc 6.8 | 160] 83| — — 7.7| — | — 
E 47.7 | 56.0 38.9 32.4 37.5 49.1 38.5 366 346 36.7 278 — 5.0 41.7 30.0 
III Chromosome 
None | 27.3 20.0 | 13.9 13.5 62.5 424 38.5 54.9 23.0 23.0 69.4 85.5 35.0 62.1 10.0 
A-l 148 80 5.6 — 19.2| - — 
Aor B 20.5 56 43.3| — 6.7 290 2.9!) 25 
A&B 17.0 36.0 2.8 2 | 
91 40) 5.6 10.8 _ 2.8 7.7| 26.7| - 
D 18.2 32.0 13.9 81 — - 2.5 
F 48.0 55.6 70.3 18.8 | 22.0) — “asi — | — 
H 34.1 40.0 14.5 18.9 1.9 — ~~ 20, 58 2.5 
J 12.5 12.0 16.7 2.7 37.5 44.1) 34.9) 43.0) 73.1 60.0 30.6 14.5) 28.0 15.5 | 27.5 
L 35.2 | 32.0 21.8 43.2 28.0 11.7 40.0 
L&™M 4.6 | 14.0 16.7 27.0 2.9 | 22.5 
Flies Studied 88 25 | 36 37 16 59 104 142) 26 30 36 76 100 | 103 40 


the island of St. Kitts. The latter ab- dad and Barbados. Similarly, I[L-A is 
q sence may be real. absent on St. Kitts, and IIL-E on the 
| Widespread inversions are many. The Lesser Antilles. Inversion III-B, which 
following ones have been recorded in ~* is one of the commonest inversions in 
samples from Argentina to the West In- South America except in the Brazilian 
dies and/or to Florida: XL-D (Argen- state of Bahia, is rare or absent in samples 
tina to Cuba), XR-A (southern Brazil to from Central America and the West 
Florida), IIL-A and IIL-E (Argentina Indies, but it was common in Townsend's 
to Florida), III-B (Argentina to Florida, sample from Florida. It can be con- 
Townsend has recorded it as III-A), and fused with an adjacent inversion III-A, 
III-F (Argentina to Cuba). However, and for this reason is recorded usually as 
XL-D and XR-A are rare or absent on “A or B,” except when both A and B are 
the islands of the Antilles, except on Trini- present. It can however be stated that 
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[II-B is much more frequent in most pop- 
ulations than is III-A. Finally, III-F is 
rare or absent in northeastern Brazil and 
in the Antilles, except Cuba. 

Inversion III-H is recorded from Ar- 
gentina to Florida, but it reaches high 
frequencies chiefly in populations of equa- 
torial Brazil, and, as seen from the data 
in table 1, in Colombia, Panama, and 
Costa Rica. Its not being recorded in 
some populations of southern Brazil may 
be due to the inadequacy of sampling, but 
the absence on some of the islands of the 
Antilles may be real. Inversions III-D, 
IlI-L, and the compound III-L&M_be- 
have very much like III-H. However, 
these inversions are rare or absent also 
in Argentina, in most of southern Brazil, 
and in Bahia. They occur on Trinidad 
and Barbados, and III-L reaches an un- 
expectedly high frequency on Santa Lucia. 
but they are absent on the other islands 
sampled in the Antillean chain. The 
compound of two overlapping inversions 
IIL-A&B is a further example of this 
distribution pattern; it is absent or rare 
in Argentina and southern Brazil, very 
common in equatorial Brazil, still fairly 
common in Colombia and Panama, and 
found only in scattered chromosomes 1n 
Trinidad, Barbados, and Cuba. 

The geographically more restricted in- 
versions are relatively few but perhaps 
most interesting. Inversion XL-C was 
originally found in a small sample from 
Costa Rica (8 females, da Cunha, Burla, 
and Dobzhansky, 1950) in conjunction 
with XL-D. It has never been found tn 
the whole of Brazil, but it is common in 
the samples from Colombia and from 
Central America, again in the form of 
the compound C&D as well as by itself. 
It seems completely absent in the islands 
of the Antilles (table 1). Inversion III- 
A-1 was, as stated above, found by Town- 
send in Florida, but it reappeared as a 
moderately frequent chromosome in Co- 
lombia and in Cuba (table 1). It seems 
to be entirely absent elsewhere. The 


triple compound XL-D&F&G is common 
in the valley of the Amazon and in Co- 
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lombia, but rare or absent elsewhere 
(table 2, page 124, in da Cunha and Dob- 
zhansky, 1954, paper lists the frequencies 
of the inversions D, F, and G mostly sepa- 
rately rather than as a compound). In- 
version XR-C, and the compound XR- 
C&D, behave like the XL-D&F&G com- 
pound, except that the former inversions 
occur also from Panama to Honduras and 
Salvador, and on Trinidad and Barbados. 

Little can be said about the rare in- 
versions, since their non-occurrence may 
mean only that the samples studied are 
small. However, their occurrence is sig- 
nificant. Inversion III-I was found origi- 
nally in rare chromosomes from central 
Brazil, but it appeared also in Colombia. 
Inversion III-K was originally seen in 
two chromosomes from Goyaz, Brazil, 
but it was met with again in a single 
chromosome from Colombia. Finally, 
some conspicuous absences may be noted. 
Inversion XL-H is common in many 
parts of Brazil (fig. 2), but has appeared 
in only a single chromosome from Trini- 
dad and in no other populations listed in 
table 1. The complete absence in Central 
America and the West Indies of the sub- 
terminal inversion IIL-H is noteworthy, 
since this inversion is rather widespread 
in most of Brazil and in Argentina, though 
not particularly common in any popula- 
tion studied. 


Homozycous INVERSIONS 


As stated above, only hé@teroaygous in- 
versions have been prepa- 
rations examined. This téethnique per- 
mits the detection of the variations in the 
chromosome structure which occur within 
the populations of the localities sampled. 
It remains, however, to be discovered 
whether these populations differ from 
each other in the gene arrangements in 
their chromosomes. Suppose, for ex- 
ample, that the population of a certain lo- 
cality is homozygous for some gene ar- 
rangement A, and that of another locality 
for an alternative gene arrangement A,,. 
Neither population will contain heterozy- 
gotes A,/A,, but such heterozygotes will 
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appear in the hybrids between the strains 
from the two localities. A_ series of 
crosses were, accordingly, arranged be- 
tween flies from different localities in 
Central America and in the West Indies 
with flies from. a strain from Marajo 
Island in Brazil. The Marajo strain has 
the standard gene arrangements in all 
chromosomes, as shown in the standard 
maps published by Dobzhansky (1950). 
The progeny of the crosses is expected to 
show in heterozygous condition all the 
inversions relative to the standard order 
which may have become established in 
homozygous condition in the strains from 
Central America and the West Indies. 
Examination was made of hybrids be- 
tween the Marajo strain and strains from 
the following regions : Colombia, Panama, 
Costa Rica, El Salvador, Jamaica, Cuba, 
Haiti, St. Kitts, Santa Lucia, Barbados, 
and Trinidad. With the exception indi- 
cated below, all the hybrids were heterozy- 
gous for the inversion compound XL- 
C&D, and for XR-C. This means that 
the populations in Central America and 
the West Indies differ from the standard 
strain by being homozygous for these in- 
versions. The exceptions are the hybrids 
Santa Marta X Marajo, Costa Rica x 
Marajo, and Haiti X Marajo, some of 
which showed either the inversion XL-C 
or XL-D alone, or had a pairing configu- 
ration so complex that it was difficult to 
analyze. Reference to table 1 will show 
that in Colombia, Costa Rica, and Haiti 
the inversions XL-C and XL-D often oc- 
cur alone or in combination within the 
populations, and in Colombia there oc- 
curs also the highly complex compound 
XL-D&F&G. The inversion XR-C was 
also absent in some of the hybrids Santa 
Marta X Marajo, Panama X Marajo, and 
Costa Rica X Marajo. Table 1 shows 


that this inversion occurs in some but not 
in all strains from Colombia, Panama and 
Costa Rica. 

In species in which the gene arrange- 
ment is as highly variable as it is in D. 
willistoni, the choice of the gene arrange- 
ment to be considered as the standard is 
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an arbitrary matter. The gene arrange- 
ment in certain strains from Para and the 
Marajo Island was chosen ( Dobzhansky, 
1950). It happens that in some respects 
the populations of this area, the eastern 
part of equatorial Brazil are atypical if 
the species as a whole is considered. In- 
deed, heterozygous inversions XL-C and 
XR-C occur in hybrids not only between 
the Marajo strain and strains from Cen- 
tral America and the West Indies, but 
also between Marajo and strains from 
southern Brazil. In other words, the 
gene arrangements which have become 
established in a part of equatorial Brazil 
are relatively rare elsewhere in the spe- 
cies. To put it in another way, with re- 
spect to these particular gene arrange- 
ments the populations of the West In- 
dies resemble those of southern Brazil 
more than either of them resembles the 
populations of a geographically inter- 
mediate region, which is _ equatorial 
Brazil. 


NUMBERS OF INVERSIONS PER INDIVIDUAL 


Table 2 and figure 1 show the mean 
numbers of inversions found in heterozy- 
gous condition per individual in different 
regions. The data are given separately for 
females and for males; as expected, the 
means for the females are generally higher 
than those for the males, except on the 


TABLE 2. 


Mean numbers of heterozygous inver- 
sions per individual in the populations studied 


Population Females Males 
1. Bucaramanga 6.80+0.41 0.35 
2. Santa Marta 7.21+065 545+0.49 
3. Panama 6.20 +044 4.73+0.51 
4. Costa Rica 5.814039 438+0.44 
5. Honduras 2.334045 1.50+ 0.65 
6. Salvador 3.1440.29 2.06 + 0.26 
7. Florida 2.06+0.16 1.88 +0.19 
8. Jamaica 158+0.13 149+0.16 
9. Cuba 2.67 +0.30 2.91 +0.48 
10. Haiti 1.844+0.22 245+0.39 
11. Puerto Rico 1.28 + 0.21 1.09 + 0.29 
12. St. Kitts 0.20 +0.05 0.23 + 0.08 
13. Santa Lucia 105+0.12 1.17+0.14 
14. Barbados 245+017 2.005+0.29 
15. Trinidad 3.18 +0.29 2.58+0.29 
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Fic. 1. 


in different populations, symbolized by the diameters of the black circles. 
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Mean numbers of heterozygous inversions per individual of Drosophila willistont 


The numbers of the 


populations correspond to those in tables 1-3. The South American part of the distribution area 


of the species is not shown in this figure. 


islands on which the X-chromosomes do 
not vary in the gene arrangement. It 
can be seen that the lowest mean number 
of heterozygous inversions is found on the 
Isle of St. Kitts. This is, in fact, the 
lowest concentration of inversions known 
in the species D. willistoni (cf. da Cunha 
and Dobzhansky, 1954). The highest 
means in table 3 are those for Bucara- 
manga and for Santa Marta, Colombia. 
They are higher than those found in the 
Amazon Valley in Brazil, and are ex- 
ceeded only by those from some popu- 
lations of central Brazil. 

Figure 1 shows particularly clearly that 
the numbers of inversions are highest on 
the continent of South America, in Pan- 
ama, and in Costa Rica. They become 
reduced in El Salvador and in Honduras, 
and even more so on the islands. The 
larger islands of the Greater Antilles have 
generally more heterozygous inversions 


than those of the Lesser Antilles, except 
that Trinidad, and possibly also Barbados, 
have again more inversions, presumably 
on account of their greater proximity to 
the continent of South America (see the 
Discussion). The geographically margi- 
nal but continental population of Florida 
about matches those of Cuba, Honduras, 
and Barbados. 

The results are essentially the same 
if instead of the mean numbers of heter- 
ozygous inversions we consider the num- 
ber of kinds of inversions recorded in a 
given locality. This information can be 
gleaned from table 1. The population of 
St. Kitts has a constant gene arrangement 
except for only 2 inversions, FIL-F and 
III-J. By contrast, Bucaramanga, Co- 
lombia, is the home of 32 different in- 
versions, in a sample of about the same 
size as that studied from St. Kitts. The 
islands, have in general fewer inversions 
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A INVERSION XL-C 


v 

XL-H 

XL-D+F+G 


Fic. 2. Known distribution patterns of some inversions and inversion 
compounds in the chromosomes of Drosophila willistonti. 


than does the mainland, except for Flor- 
ida where the species is at its northern 
boundary. Among the islands, Trinidad 
and Barbados have more kinds of in- 
versions than Santa Lucia, St. Kitts, and 
even Puerto Rico and Jamaica, which lie 
farther away from the continent of South 
America. Both the number of heterozy- 


gous inversions and the number of kinds 
of inversions show, therefore, descending 
gradients from the continent to the islands, 
especially to the small islands. 


SIBLING SPECIES 


Da Cunha, Burla, and Dobzhansky 
(1950) and da Cunha and Dobzhansky 
(1954) found that the amount of poly- 
morphism observed in a population of a 
species is a function of the environment 
in which the population lives. One of the 
environmental variables to be considered 
in this connection is the presence or ab- 
sence of closely related competing species. 
Other things being equal, the amount of 
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polymorphism is greater in the absence 
of such competitors than if they are pres- 
ent. Mr. B. Spassky has classified the 
sibling species of wrlistont group by in- 
spection of the genitalia of the males. 
Table 2 and figure 3 report the data on 
the occurrence of the four sibling species, 
D. willistonit, D. equino-xialis, D. tropicalis, 
and D. paulistorum in the samples from 
Central America and the West Indies. 
Relevant data for South American _lo- 
calities have been published in the articles 
of da Cunha, Burla, and Dobzhansky re- 
ferred to above. The fifth sibling species, 


/NSULARIS 


WILL ISTON/ 


PAULISTORUM 
TROPICAL/IS 


OCTIALIS 
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D. insularis, is described in the Appendix 
to the present article. 

Only D. willistoni has been found in 
the samples from the islands of Santa Lu- 
cia and Barbados. Qm St. Kitts this spe- 
cies is joined by D. insularis. The sample 
from Trinidad is unfortunately small, but 
it contains D. willistoni, D. paulistorum, 
and D. equino.xialis, with proportions com- 
monly met with in the Amazon Valley. 
The Greater Antilles are populated by 
D. willistom, D. equinoxialis, and D. 
tropicalis, none of these species being 
dominant except locally. In Central 


Fic. 3. Approximate distribution regions of the five sibling species related to 
Drosophila willistoni. 
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TABLE 3. Observed proportions (in per cent) of the four sibling species in the samples examined 


Flies 

Sample willistont equinoxialis tropicalis paulistorum examined 
1. Bucaramanga 78.2 17.7 1.6 2.4 124 
2. Santa Marta 14.5 24.3 10.4 50.9 173 
3A. Panama. 5.3 82.1 3.3 9.2 509 
3B. Panama 10.8 29.7 43.2 16.2 74 
4A. Costa Rica 21.8 34.4 15.6 28.1 64 
4B. Costa Rica 1.4 64.5 30.4 3.6 138 
4C. Costa Rica 11.1 88.9 54 
4D. Costa Rica 48.5 51.5 — 33 
5. Honduras 11.1 34.1 54.8 135 
6A. Salvador 35.4 44.7 17.9 2.0 246 
6B. Salvador 8.8 80.9 10.3 68 
8. Jamaica 53.9 31.1 15.0 254 
9A. Cuba 55.3 19.1 25.5 47 
9B. Cuba — 75.0 25.0 : 4 
9C. Cuba 41.7 — 58.3 _ 12 
10. Haiti 52.6 29.8 17.5 57 
11A. Puerto Rico 58.1 2.3 39.5 43 
11B. Puerto Rico 81.8 18.2 11 
12. St. Kitts 100.0 

13. Santa Lucia 100.0 — — 105** 
14A. Barbados 100.0 — — — 97 
14B. Barbados 100.0 18 
15A. Trinidad 87.5 10.4 -- 2.1 48 
15B. Trinidad 12.5 87.5 


* Also 4 strains of Drosophila insularis. 
** Also one Drosophila insularis. 


America the four sibling species (includ- 
ing D. paulistorum) occur together, as 
they do also in Colombia. LD. paulistorum 
is common in Colombia and in Panama, and 
becomes rare northwards, being recorded 
in only a single sample from E1 Salvador. 

It is interesting to compare these data 
with the situation in South America (da 
Cunha and Dobzhansky, 1954, and un- 
published data). In South America D. 
willistont and D. paulistorum vie with 
each other for dominance, the former be- 
ing more successful generally in drier to 
humid and the latter in the superhumid 
tropical climates. D. tropicalis and D. 
equinoxialis are absent in southern Bra- 
zil (fig. 3). They appear in central Bra- 
zil and in the Amazon Valley, but are 
usually rare (except that D. tropicalis is 
common in the peculiar habitat of the 
Savanna on the Isle of Marajo). The 


four species occur also on the eastern 
slope of the Andes in Peru, D. willistoni 


and D. paulistorum being common and 
D. tropicalis and D. equino.rialts relatively 
rare. As shown in table 3, the situation is 
reversed in Central America, where D. 
paulistorum is rare (except in Panama 
and in one sample in Costa Rica), and 
D. tropicalis and D. equinoxialis are 
common. 

A note should be taken of the fact that, 
judging by the structure of their chro- 
mosomes, D. paulistorum and D. equi- 
noxtalis are more closely related to each 
other than to the three remaining siblings. 
D. paulistorum is clearly most at home 
in South America, and D. equino-rialis 
in Central America and the Greater An- 
tilles. It may be conjectured that these 
species evolved from allopatric subspe- 
cies, one of which occupied South America 
or a part of it and the other Central 
America. As_ reproductive isolating 
mechanisms developed between the nas- 
cent species, beginning with the zone of 
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contact, they penetrated each other’s dis- 
tribution regions and became largely 
sympatric, but D. paulistorum has not 
reached the Greater Antilles and D. 
equinoxtalis failed to spread to southern 
and northeastern Brazil (fig. 3). The 
relationships between the members of the 
other pair, D. willistoni and D. tropicalis, 
are less clear. To judge from their chro- 
mosome structures, they are less closely 
related to each other than D. paulistorum 
is to D. equinoxialis. Nevertheless, there 
is in the data at least a suggestion that 
D. tropicalis is more at home in Central 
America and the Greater Antilles than it 
is in South America, while the opposite 
is true of D. willtstont. D. tropicalis and 
D. willistont may have been in the past 
the northern and the southern subspecies 
respectively of a single species. How- 
ever, since the reproductive isolation be- 
tween all five sibling species is now secure, 
four of them have become sympatric in 
the equatorial zone of South America and 
in the southern part of Central America. 
D. willistont proved ecologically most 
versatile ; it has acquired the largest dis- 
tribution area, including the areas of all 
other siblings and extending beyond them 
(fig. 3). 

The position in the above scheme of 
historical relationships of the new  sib- 
ling species, D. insularts, is rather baffling. 
It seems to be endemic on St. Kitts and 
Santa Lucia, although this may be due 
to inadequacy of sampling. According 
to Mr. B. Spassky, the genitalia of males 
of D. insularts resemble most nearly those 
of D. willistoni, but its chromosomes (in 
the salivary gland preparations) differ 
from those of D. willistoni at least as much 
as from those of other siblings. This may 
he a relict species formed on the Lesser 
Antilles from a source close to D. wl- 
listont, and later depressed and restricted 
to some islands by a new invasion of D. 
willistont from South America. 


DISCUSSION 


D. willistont is one of the rather few 
organisms for which some direct experi- 
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mental evidence concerning its rates of 
dispersal is available (Burla et al., 1950, 
and unpublished data). These rates, in 
uniformly favorable two-dimensional en- 
vironments, happen to be rather low, 
lower than those in D. pseudoobscura and 
probably in many other species of Droso- 
phila. A slowly moving species might be 
expected to have a narrow geographic 
distribution and a pronounced genetic 
differentiation of local populations. Ex- 
actly the opposite is true of D. willistont. 
Its distribution extends from southern 
Florida to the Argentine pampa, and 
some of its chromosomal inversions have 
heen recorded all over this vast area. 
In fact, D. willistont is exceeded only by 
some species associated with and trans- 
ported by man, such as D. melanogaster 
and D. ananassae, in having certain chro- 
mosomal variants recur throughout the 
species area. In D. pseudoobscura, as 
well as in the sibling species related to 
D. willistont, namely in D. paulistorum 
and 1). tropicalis, a much greater geo- 
graphic differentiation of populations is 
observed. 

The relative geographic homogeneity of 
the populations of D. melanogaster and 
D. ananassae is due to human intervention. 
Transport by man is, however, of little 
importance in D. willistont, which is domi- 
nant in natural habitats and not particu- 
larly successful in man-modified ones.” 
As stated above, dispersal by active dif- 
fusion is far too slow to explain the wide 
distribution of the chromosomal variants. 
No matter where in the distribution region 
a chromosomal inversion may have arisen, 
it could hardly have reached Florida as 


* Introduction by man cannot he dismissed as 
a possibly important agency in some geo- 
graphically marginal populations, such as those 
in southern Florida and in the vicinity of 
Buenos Aires. Prof. Danko Brncic, of the 
University of Chile, kindly informs the present 
writer that he has collected D. willistont in a 
cultivated oasis in coastal Peru. This may well 
be an introduction by man, since Prof. C. Pavan 
and the writer found thriving populations of 
D. willtstont and of its three siblings on the 
eastern (Amazonian) slope of the Peruvian 
Andes. 
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well as Argentina, Central America as 
well as northeastern Brazil, by this method 
alone. Dispersal by accidental transport, 
over much greater distances than normal 
dispersal can reach, has in all probability 
played an important role in the conquest 
of new and previously unoccupied terri- 
tories by D. willistoni, and by the adap- 
tively valuable components of the gene 
pool of this species. Under favorable con- 
ditions D. willistoni often builds enormous 
populations, and this should enhance the 
chances of some individuals of this species 
being transported passively by hurricanes 
and other means. 

A propensity for passive long-distance 
transport may enable a land-dwelling spe- 
cies to reach and to secure a foothold in 
island habitats. This is the way thé biota 
of oceanic islands are formed. Darlington 
(1938) and Simpson (1956) have argued 
that the land animals of the Greater An- 
tilles have reached these islands across the 
sea, from the mainlands of South and 
Central America. The same applies to 
the Lesser Antilles, excepting Trinidad. 
The Lesser Antilles are mostly volcanic 
in origin; they were never connected 
with any continent and probably not with 
each other. Trinidad alone was until a 
geologically recent time a part of the 
continent of South America. The data 
reported in the present article fit neatly 
into the framework of the Darlington- 
Simpson views. This is the more remark- 
able since Simpson was at pains in his 
work to point out that his inferences ap- 
ply to generic and higher groups, and not 
necessarily to species. Our data are con- 
cerned with intraspecific variants and 
with sibling species. 

The small sample from Trinidad con- 
tained the same three sibling species, D. 
willistont, D. paulistorum, and D. equt- 
noxtalis, which are common in equatorial 
South America. The variety of the in- 


versions found in the Trinidad population 
of D. willistoni, as well as the numbers 
of heterozygous inversions per individual, 
are not far from what is known to exist in 
the Territory of Rio Branco in Brazil, di- 
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rectly to the south (da Cunha, Burla, and 
Dobzhansky, 1950). Only D. willistoni 
has been found in the samples from Bar- 
bados, while the only other islands in the 
chain of the Lesser Antilles studied, 
namely St. Kitts, and Santa Lucia, have 
D. willistoni and the endemic D. insularts. 
The genetic composition of the popula- 
tions of D. willistoni becomes progres- 
sively depauperate, the order of impover- 
ishment being Trinidad-Barbados-Santa 
Lucia-St. Kitts. A glance on the map 
will show that this coincides with the in- 
creasing distances between the respective 
islands and the continent of South Amer- 
ica. Only two different inversions have 
been found in the St. Kitts population, 
and the average number of heterozygous 
inversions per individual is near 0.2 (see 
table 2), which is the lowest number ever 
found in any population of D. willistoni 
(see da Cunha and Dobzhansky, 1954, 
the lowest numbers previously recorded 
being in the state of Bahia, Brazil). This 
is exactly what one might expect if the 
island populations are derived from small 
numbers of migrants passively trans- 
ported across water. Simpson (1956) 
has described this as linear dispersal. 
The Greater Antilles (Cuba, Jamaica, 
Hispaniola, and Puerto Rico) are a dif- 
ferent, but a parallel, story. Three sib- 
ling species occur on these islands, namely 
D. willistonit, D. tropicalis, and D. equi- 
noxialis. The same three stblings are 
common in Central America, where the 
fourth sibling, D. paulistorum, also oc- 
curs, but is seemingly rare north of Costa 
Rica. The genetic composition of the 
populations of D. willistoni shows a pro- 
gressive decrease in diversity from the 
continent to the islands. As a matter of 
fact, one can see a drop in diversity from 
the continent of South America (Co- 
lombia), through Panama, Costa Rica, 
Salvador and Honduras, Cuba, Jamaica 
and Haiti, and Puerto Rico (table 2 and 
fig. 2). This is consistent with the view 
that D. willistoni is native in South Amer- 
ica, and that it has spread gradually to 
Central America, and thence to the 
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Greater Antilles. Examination of table 1 
will show that the Greater Antilles have 
very few inversions in the X-chromo- 
somes, which are common in Central and 
South America, and even on Trinidad and 
Barbados. There are also the striking ab- 
sences of such chromosomal variants as 
the inversion compound A&B in the IIL 
chromosome (except in the small sample 
from Cuba) and the inversion F in the 
third chromosome (except again in Cuba). 
Both variants are common in Central 
America. The population of Florida be- 
haves as though it were another island 
population, which is exactly what it is 
since the species does not live on the con- 
tinent of North America. 

Some interesting details must now be 
mentioned. The inversion A-1, discov- 
ered by Townsend (1952) in Florida, 
has now turned up in Cuba, in Colombia, 
and in Panama, but not elsewhere in 
Central America or on the other islands 
(table 1 and fig. 1). This is most con- 
sistent with Simpson’s (1956) view that 
Cuba received immigrants directly from 
the continent of South America, and 
particularly from what is now Colombia. 
The Florida population might, on this 
basis, be regarded as derived from Cuba, 
but it shows a high frequency of the 1n- 
version B in the third chromosome which 
is rare in Cuba. This must be either a 
result of a later differentiation or of a 
later introduction. Jamaica does not 
stand out in our data as being particu- 
larly rich in genetic diversity, although 
Simpson regards it, like Cuba, to be the 
probable receptor of migrants from the 
continent and a source of migrants to 
Hispaniola and Puerto Rico. 

looked at from a different angle, the 
data show quite a striking correlation be- 
tween the sizes of the islands and the 
amount of genetic diversity in their popu- 
lations. Taking the data in table 2 at 
face value, the amount of diversity de- 
creases in the sequence Cuba—Hispaniola— 
Jamaica—Puerto, Rico in the Greater An- 
tiles, and in the sequence Trinidad—Bar- 
bades—Santa Lucia—St. Kitts in the Lesser 
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Antilles. This is the order of decreasing 
sizes of the islands, except that Barbados 
and Santa Lucia should be reversed. 
This relationship between size of the 
island and the diversity of the population 
has been found recently by Lowe (1955) 
for mammals and reptiles of three islands 
in the Gulf of California, and by Kramer 
and Mertens (1938) for lizards on islands 
near Istria in the Adriatic. Now, the au- 
thors just referred to studied typically 
continental islands lying fairly close to 
mainlands, while the Antilles are, as indi- 
cated above, oceanic islands, which were 
not parts of any continent recently enough 
to matter for our purpose. 

Larger islands, whether continental or 
oceanic, will, by and large, have more 
diversified environments than will be 
found on smaller islands. <A greater di- 
versity of environments means, however, 
a wider variety of ecological niches avail- 
able for occupation by the inhabitants. 
To be sure, the area of an island and the 
diversity of biotic environments which it 
offers will not always go hand in hand. 
A flat sandy bar will offer probably fewer 
ecological niches (except for sand-dwel- 
ling forms) than an island of equal area 
but having a mountain range, dry and 
humid valleys, forests as well as grassy 
fields, etc. Of course, this rule can be 
expected to hold only in a statistical sense. 
Proximity and remoteness from the main- 
land will be obvious disturbing agents. 
The fact that Trinidad has a genetically 
richer population of D. w/listoni than do 
Santa Lucia and St. Kitts is due to its 
proximity to the continent of South 
America more than to its larger size. 
Nevertheless, the correlation between the 
areas of the islands and the genetic di- 
versity of their inhabitants is probably 
genuine. It clearly reflects the operation 
of a more general rule, which holds in 
island as well as in continental popula- 
tions. This rule, stated by da Cunha, 
Burla, and Dobzhansky (1950) and da 
Cunha and Dobzhansky (1954) is that 
the amount of adaptive polymorphism 
carried in a population is a function of the 
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diversity of environmental opportunities, 
of ecological niches, which the population 
exploits. This is, in turn, a deduction 
from a still more general proposition, 
that genetic diversification is a method 
which life uses to master environmental 
diversity with which it is confronted. In 
island populations the composition of the 
gene pool is governed primarily by his- 
torical factors, the chief of which is prob- 
ably the origin of island biota through 
chance introduction of immigrants from 
other islands or continents. The finding 
that the relationship between the amount 
of polymorphism and the environmental 
opportunity is nevertheless discernible in 
island populations is certainly an addi- 
tional testimony that this relationship is 
a real and valid one. 


SUMMARY 

The genetic polymorphism, as mani- 
fested in heterozygosis for chromosomal 
inversions, has been studied in populations 
of Drosophila willistoni from the West 
Indies and Central America, and com- 
pared with the situation in South Ameri- 
can populations. The genetic variability 
is depauperate in island and marginal pop- 
ulations compared to continental and cen- 
tral ones. The reduction of the genetic 
variability is especially pronounced on the 
Lesser Antilles, except for Trinidad 
which has a population not very different 
from some continental ones. The island 
of St. Kitts has the most nearly mono- 
morphic population known in the species 
D. willistoni. The populations of the dif- 
ferent islands differ from each other rather 
more strikingly than do continental popu- 
lations living at comparable distances. 
Larger islands tend to have more poly- 
morphism than smaller islands. This 
agrees with the more general rule, that the 
amount of adaptive polymorphism in a 
population tends to be proportional to the 
diversity of environmental opportunities 
which this population exploits. 
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APPENDIX 


Drosophila insularis, species nova 

Male and female: Arista with 10-11 
branches, both numbers being about 
equally frequent. Front dusky yellow. 
Anterior orbital shorter than the posterior, 
middle orbital one-third posterior. Two 
prominent orals. Face yellow. Carina 
short and broad, not sulcate. Cheeks yel- 
low, their greatest width about one-tenth 
greatest diameter of eve. Eyes bright red 
with a short brownish pile. 

Acrostichals in 6 to 8 rows, often quite 
irregular. Thorax dusky yellow, darker 
than in Drosophila willistont Sturtevant, 
pleurae lighter. Anterior and middle 
sternopleurals at most half as long as the 
posterior and much thinner. Legs grey- 
ish yellow. Abdomen yellow with diffuse 
dark brown bands expanded in the mid- 
dle and fading out laterally. Wings 
clear, proportions like in Drosophila wil- 
hstoni but darker in color, especially in 
old individuals. 

Length of body 2 2.9-3.2 (mean 3.03), 
J 2.5-2.8 (mean 2.65) mm; wings 2 2.1- 
2.3 (mean 2.16), ¢ 2.0-2.1 (mean 2.04) 
mm. 

Reproductive organs of the adults, eggs. 
larvae, and pupae like those in Drosophila 
willistont, except for minute but con- 
stant differences in the external male 
genitalia which will be described in a 
separate publication by Mr. B. Spassky. 

Remarks—Closely related to Droso- 
phila willistoni, from which it differs by 
a slightly larger body size and a darker 
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pigmentation. These differences, though 
fairly clear in flies grown in similar en- 
vironments, are not reliable for identi- 
fication of single specimens grown in di- 
verse environments. Reproductive 1so- 
lation between Drosophila insularis and 
Drosophila willistoni is however complete, 
since cross-insemination occurs only with 
difficulty, and the few hybrids that are 
produced are wholly sterile. 

Geographic Distribution—Four strains 
derived each from a single female col- 
lected on the island of St. Kitts in Janu- 
ary 1956; one strain derived from a fe- 
male collected on the island of Santa 
Lucia in January 1956. 
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While compiling distributional data on 
the boring sponges, the report by Volz 
(1939) of nine sympatric species in the 
vicinity of the Adriatic town of Rovigno 
seemed of particular interest because of 
the problems raised in regard to ecologi- 
cal niche differentiation. There is an 
abundance of calcareous substratum at 
Rovigno, the littoral terrace consisting 
of limestone bedrock extending to a depth 
of 25 meters. Below this is a region of 
sand and shells. The clionids excavate 
their burrows in the bedrock as well as in 
loose limestone rocks, in mollusc shells, 
and in coralline algae. 

The vertical distribution and relative 
abundance of the clionids at Rovigno are 
shown schematically in figure 1. In the 
shallow waters of the littoral terrace from 
a level just below low tide springs to a 
depth of eight meters, all nine species co- 
exist. Three species show a greater ver- 
tical range. 

The optimum habitats of the dominant 
species show some differentiation. Thus 
Cliona celata Grant is found in tide pools, 
apparently gaining a foothold there when 
rocks from deeper water are thrown up 
into the tidal zone by waves. This species 
alone seems capable of withstanding the 
environmental extremes of this narrow 
zone. Cliona celata is common also in 
shallow, subtidal waters and is moderately 
common in deep water burrowing in shells 
and coralline algae. ; 

Cliona vastifica Hancock is the domi- 
nant species in the lowest intertidal and 
shallow subtidal regions, inhabiting chiefly 
limestone rocks. Below one meter in 
depth it is largely restricted to mollusc 
shells (principally mussels), but it is un- 
common in the terrace, only to regain a 
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dominant position in the sand and _ shell 
zone at greater depths. 

Cliona viridis (QO. Schmidt) is the dom- 
inant species in the littoral terrace where 
it inhabits limestone rocks and occasionally 
shells. In deeper water it is less common 
and largely restricted to coralline algae. 
Cliona vermifera Hancock is also abun- 
dant in the littoral terrace, extending to a 
depth of only eight meters and occurring 
in limestone rocks as well as in the bed- 
rock of the cliff. 

These distribution patterns suggest the 
importance of competition for substratum 
among the species considered, with a 
single species or species pairs occupying 
dominant positions in specific areas where 
the remaining ones are less common or 
absent. In the deep water shell and sand 
zone, C. vastifica occurs chiefly in mussel 
shells; C. viridis lives in association with 
coralline algae; C. celata is a less success- 
ful competitor for both substrata. More 
striking evidence of competition for sub- 
stratum is the occurrence of two species 
with highly specific habitats. Colonies of 
Thoosa mollis Volz live almost exclu- 
sively in the walls of abandoned burrows 
of the lamellibranch, Lithodomus, extend- 
ing their tubules into the cavities. Cliona 
rovignensis Volz lives only in the thin 
plates of limestone separating two closely 
adjacent Lithodomus burrows. 

In shallow waters of the littoral terrace, 
three additional species, Cliona schmidti 
(Ridley), Cliona albicans Volz, and Clho- 
thosa hancocki (Topsent), occur along 
with Cliona celata, C. viridis, and C. 
vermifera in limestone. 

In table 1, the sizes of the oscular papil- 
lae, ostia, and oscula of the Rovigno cli- 
onids are arranged in order of increasing 
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TasB_eE 1. Diameters of oscular papillae, oscula, and ostia of Rovigno clionids 
Diameter of oscular papillae Diameter of Diameter of 
Species at base oscula ostia 


Thoosa mollis 


Cliona rovignensis 


Cliona albicans 


Cliona vastifica 


Cliona vermifera 
Cliothosa hancocki 


Cliona viridis 


Cliona schmidti 


Cliona celata 


0.3 mm (Volz, 1939) 
0.4-0.8 mm (Volz, 1939) 
0.5-0.8 mm (Volz, 1939) 


0.8-1.0 mm (some as small as 
0.1 mm) (Volz, 1939) 


1.0-1.5 mm (some up to 2.0 mm) 
(Volz, 1939) 


1.5-2.0 mm (some up to 3.0 mm) 
(Volz, 1939) 


1.5-2.0 mm (some up to 3.0 mm) 
(Volz, 1939) 
2.0-3.0 mm (Topsent, 1900) 


2.0—3.0 mm (Volz, 1939) 
2.0-2.5 mm (Topsent, 1900) 


1.0-3.0 mm (some up to 5.0 mm) 
(Volz, 1939) 
ca. 1.0 mm (Topsent, 1900) 


size. 


Unfortunately data on the ostial 


— 14-194 
(Vosmaer, 1933) 
17-34 
(Lendenfeld, 1898) 


17u 
(Vosmaer, 1933) 


16-704 
(Lendenfeld, 1898) 


0.8 mm (some 0.11 
to 0.25 mm) 
(Lendenfeld, 1898) 


40-1504 
(Vosmaer, 1933) 


closely related amphipods in Lake Baikal 


and oscular sizes of all the species under 
discusion are not available, but the in- 
formation which has been assembled sug- 
gests that the ostial sizes bear a direct re- 
lationship to the diameters of the oscular 
papillae, dimensions for which are given 
for all nine species. The gradation in the 
sizes of the oscular papillae and ostia 
(where available) suggests that different 
foods may be taken. The diameters of the 
ostia would place a limit on the size of 
food particles taken, although occasion- 
ally larger particles may be phagocytized 
by pinacocytes as has been found in stud- 
ies on fresh-water sponges (van Weel, 
1949; Kilian, 1952). The food require- 
ments of boring sponges have not been 
studied, but it is probable that they feed 
on unicellular algae, flagellates, bacteria, 
and possibly particles of detritus. 

The importance of size differences and 
consequent specializations in food taken 
is well known in birds (Gause, 1934; 
Huxley, 1942; Lack, 1944, 1947, 1949; 
Moreau, 1948), and Brooks (1950) and 
Hutchinson (1951) have applied Gause’s 
principle in explaining the coexistence of 


and species groups of planktonic copepods, 
respectively. The significance of this 
phenomenon among sessile animals liv- 
ing on micro-organisms may be ques- 
tioned, however, since there would seem 
to be an adequate food supply available. 
Andrewartha and Birch (1954) found 
that natural populations of several herbi- 
vorous insects which they studied rarely 
consumed a large proportion of the food 
available to them. Moreau (1948) found 
that 11 species of weaver finches ( Plo- 
ceidae), occurring together during the 
breeding season in areas where there is a 
superabundance of food (grass seed). 
utilized the supply in common. With the 
onset of the dry season the birds presum- 
ably migrate to other localities where an 
abundant supply of seed is assured. 

In a marine environment, seasonal 
fluctuations in the abundance of planktonic 
algae and flagellates are well known, and 
it is probable that, although a_ super- 
abundance of food is available to sessile, 
filter-feeding animals at certain seasons, 
at other times the amount of food is re- 
duced to such a level that specializations 
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enabling them to take food particles of 
specific sizes are important to their sur- 
vival. Lack (1954), in discussing food 
as a limiting factor in birds, points out 
that it need not be limiting throughout 
the year. Although there is clear evi- 
dence that related, sympatric species of 
birds normally eat different types of food, 
when an overabundance of a particular 
food is present, overlap in feeding habits 
occurs. In view of the fluctuations in 
food supply available to filter-feeding ani- 
mals, there is doubtless an advantage to 
increasing the range in size of food parti- 
cles which can be taken in, and perhaps 
concentrating on very small particles is of 
importance in particular habitats. 

In the limestone substratum at Ro- 
vigno, Cliona vastifica.and C. celata, and 
especially the former, are the dominant 
species intertidally and in shallow water ; 
Cliona viridis and C. vermifera dominate 
in the littoral terrace below a depth of one 
meter. Reference to Table 1 reveals that 
both pairs of species show a marked sepa- 
ration in ostial sizes. Among the less 
common species of the littoral terrace, 
Cliona albicans, Cliothosa hancocki, and 
Cliona schmidti show a definite gradation 
in oscular papilla sizes. Those of Cliona 
albicans are small, those of Cliothosa han- 
cockt and Cliona schmidti are of inter- 
mediate sizes, overlapping with those of 
Cliona viridis and C. celata. The oscular 
papillae of Thoosa mollis are minute (0.3 
mm), and it is possible that it has an un- 
usual food specialization associated with 
its occurrence in Lithodomus burrows. 
Cliona rovignensis also has very small 
oscular papillae (0.4 to 0.8 mm in di- 
ameter ). 


SUMMARY 


The vertical ranges and relative abun- 
dance of nine sympatric species of boring 
sponges at Rovigno suggest the impor- 
tance of competition for substratum in 
determining their patterns of distribution. 
The highly specialized habitats of two 
species support this conclusion. <A grada- 
tion in the sizes of oscular papillae and 
ostia within the nine species suggests that 
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food differences may exist which are sig- 
nificant to the co-occurrence of the spe- 
cies. Although direct evidence for the 
latter hypothesis is not available, it seems 
worthwhile to call attention to the pos- 
sible importance of Gause’s principle in 
speciation among sessile aquatic animals. 
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The greatest diversity of species of ants 
is found in tropical rain-forests. It de- 
creases with increasing latitude, with in- 
creasing elevation above sea level, and 
with increasing aridity. Obviously, for 
meaningful comparisons the territories in 
which the diversities of the ants are esti- 
mated should be of at least approximately 
equal magnitude. Data culled out of the 
literature, even from works of authors of 
unquestionable competence, may suffer 
from some subjectiveness in the evaluation 
of species and subspecies. Different local 
faunae have, of course, not been investi- 
gated equally thoroughly. Despite all 
these sources of errors, some general re- 
lationships stand out reasonably clearly. 


A summary of latitudinal data for the 
Western hemisphere is shown in table 1. 
The relationship between diversity and 
latitude stands out perfectly clearly de- 
spite various disturbing factors. For ex- 
ample, the area of the isle of Trinidad is 
only 4800 Km?, and yet 134 species of 
ants are known to occur there, more than 
on Cuba which is an island of much 
greater area. This is probably related to 
Trinidad being a continental island, with 
a fauna derived from the neighboring con- 
tinent of South America. The fauna of 
Cuba is rich in endemic species (and also 
an endemic genus—Macromischa ). 

The ants of Europe are quite well 
known. The increase of the number of 


TABLE 1. Number of species of ants, at different latitudes in Western Hemisphere 
Territory Latitude Ant species Authority 

Alaska, Arctic Part 65°-70°N 3 Weber, 1950 
Alaska, as a whole 58°-70°N 7 Wheeler, 1917 
lowa, USA 41°-43°N 73 Buren, 1944 
Utah, USA 37°-42°N 63 Cole, 1942 
Cuba 20°-23° N 101 Wheeler, 1913, 1931, 1937 
Trinidad 10°-11°N 134 Wheeler, 1922 
Sao Paulo, Brazil 20°-25°S 222 Luederwaldt, 1918 
Missiones, Argentina 26°-28°S 191 Kusnezov, unpublished 
Tucuman, Argentina 26°-28°S 139 Kusnezov, unpublished 
Buenos Aires, Argentina 33°-39°S 103 Kusnezov, unpublished 
Patagonia, as a whole 39°-52°S 59 Kusnezov, unpublished 
Patagonia, humid west 40°-52°S 19 Kusnezov, 1953 
Tierra del Fuego 53°-55°S 2 Kusnezov, unpublished 


TABLE 2. Number of species of ants at different latitudes in Europe 
Territory Latitude Ant species Authority 
Northern Norway >69°N 10 Holgersen, 1942 
Norway as a whole 58°-70° N 34 Holgersen, 1944 
Germany 47°-55° N 62 
Italy 34°-47°N 104 Emery, 1916 
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species with decreasing latitude can be 
seen in table 2. 

Altitudinal comparisons are possible for 
mountainous territories on three conti- 
nents. The writer has for a number of 
years studied ants of the three northern 
provinces of Argentina, namely Tucuman, 
Salta, and Jujui. The following statistics 
of species have been recorded at different 
elevations. 


Elevation Ant 

(meters) species 
400-2000 216 
2000-3000 43 
> 3000 13 


In North America, Cole (1940) has 
published the following data for the 
Great Smoky Mountains National Park 
(in this case the figures are for species 
and subspecies ) : 


Elevation Species and 

(feet) subspecies 
1000—2000 64+ 
2000—3000 58 
3000-4000 44 
4000-5000 28 
5000-6000 10 
>6000 2 


Finally, Weber’s data (1943) for Ima- 
tong Mountains in Equatorial Africa are 
as follows: 


Elevation Ant 
(feet) species 
3500-6000 99 
6000-7 200 31 
7200—10,250 9 


As to aridity, a comparison of the ants 
of the provinces of Buenos Aires (lati- 
tude 33°-39° S, area about 307,000 Km*) 
and of Mendosa (latitude 32°-37°30' S, 
area about 151,000 Km*) in Argentina 
may be instructive. According to this 
writer’s data, the humid province of 
Buenos Aires has 103 recorded species of 
ants. The more arid Mendoza has only 
49 species, and at least two of these 
(Camponotus distinguendus and Arauco- 
myrmex tener) belong to the mountain 
fauna of the Patagonia mesophilic type, 
rather than to the arid zone. 

The evidence which one gathers from 


studies on the geographic distribution of 
ants is, then, weighed in favor of the view 
that the humid tropics are the main centers 
of the evolution of these insects. Among 
ants which inhabit the humid tropic zones 
there exist both phylogenetically ad- 
vanced forms and phylogenetically primi- 
tive and relictual ones. The ants of high 
latitudes, high altitudes, and of arid zones 
are mostly specialized, more or less an- 
cient derivatives of the forms which are 
found in the humid tropics. 


BIBLIOGRAPHY 


Buren, W. F. 1944. A list of Iowa ants. 
Iowa State Coll. Journ. Sci., 18: 277-312. 
Core, A. C. 1940. A guide to the ants of the 
Great Smoky Mountains National Park, 

Tennessee. Amer. Midl. Natur., 24: 1-88. 

——. 1942. The ants of Utah. Ibidem, 28: 
358-388. 

Emery, C. 1916. Hymenoptera-Fermicidae. 
Fauna entomol. Italiana. Bull. Soc. ent. 
Ital., 47: 1-201. 

Horcersen, H. 1952. Ants of Northern Nor- 
way. Tromsg Museums Arshefter. Natur- 
historisk Avd., Nr. 24: 1-34. 

——. 1944. The ants of Norway. Nytt. Mag. 
Naturvidensk. B. 84: 165-203. 

Kusnezov, N. 1953. Las hormigas de los 
Parques Nacionales de la Patagonia y los 
problemas relacionados. An. Mus. Nahuel 
Huapi, Bariloche, 3: 105-124. 

—-. 1953. Lista de las hormigas de Tucuman 
con descripcion de dos neuvos generos. Acta 
Zool. Lilloana, 13: 327-339. 

LueperwaLpt, H. 1918. Notas mirmeco- 
logicas. Rev. Mus. Paulista, 10: 29-64 
(fauna del estado de Sao Paulo). 

Weser, N. A. 1943. The ants of the Imatong 
Mountaings, Anglo-Egyptian Sudan. Bull. 
Mus. Comp. Zool. Harvard Coll, 93 (2): 
263-389. 

Weser, N. A. 1950. A survey of the insects 
and related arthropods of Arctic Alaska. 
Part I. Trans. Amer. Ent. Soc., 76: 147- 
206. 

Wueecer, W. M. 1913. The ants of Cuba. 
Bull. Mus. Comp. Zool. Harvard Coll., 54 
(17) : 477-505. 

Wueeter, W. M. 1917. The ants of Alaska. 
Ibidem, 61 (2): 15-22. 

Wuee ter, W. M. 1931. New and little known 
ants of the genera Macromischa, Croeso- 
myrmex and Antillaemyrmex. Ibidem, 72: 
1-34. 

Wueecer, W. M. 1937. Ants mostly from the 
mountains of Cuba. Ibidem, 81 (3): 441- 
465. 


THE MESOPHRAGMATICA GROUP OF SPECIES OF 
DROSOPHILA 


Danko Brncic AND Susi KoreFr SANTIBANEZ ! 


Catedra de Biologia, Escuela de Medicina, Universidad de Chile, Santiago, Chile 


Received January 31, 1957 


INTRODUCTION 


In their monograph published in 1952, 
Patterson and Stone knew of 613 de- 
scribed species of Drosophila. The num- 
ber of known species has beeen growing 
rapidly in recent years. This growth is 
due to two causes. First, the Drosophila 
fauna vf some previously unexplored re- 
gions is being investigated. Secondly, 
some of the old “species” are being ana- 
lyzed with the aid of genetic, cytological, 
and ecological techniques. {n several in- 
stances, such analysis has disclused the 
existence of extremely interesting groups 
of very closely related, and yet biologically 
quite clearly independent, sibling species 
which were previously confused under 
one species name. The obscura species 
group (Dobzhansky and Epling, 1944; 
Dobzhansky, 1951; Buzzati-Traverso and 
Scossirolli, 1952), the virilis group (Pat- 
terson and Stone, 1952), and the willi- 
stont group (Burla et al., 1949) are 
examples. 

The neotropical faunal region contains 
apparently the greatest diversity of species 
of Drosophila. The study of Drosophila 
of this region is still in an early explora- 
tion stage. Many territories have never 
been studied for Drosophila, and the na- 
ture of most of the described species is 
inadequately understood. The present 
article reports the results of a study of the 
evolutionary status of a cluster of related 
species, which may be called the meso- 
phragmatica species group from the old- 
est described species Drosophila meso- 
phragmatica Duda. Some species of this 
group are quite common in parts of Peru, 
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Bolivia, Chile, and Argentina. The six 
species which we are able to distinguish 
are extremely favorable as materials for 
genetic and evolutionary studies. They 
are easily reared in the laboratory, and 
their chromosomes are easily stained and 
analyzed in microscopic preparations. 
Finally, a comparative investigation of 
these species discloses interesting evolu- 
tionary relationships. 


A REVIEW OF THE TAXONOMIC STATUS 


The name Drosophila mesophragmatica 
Duda (1927) belongs to a species col- 
lected at La Paz (Bolivia) and at Cuzco 
(Peru), and described by its author on 
the basis of examination of pinned and 
dried specimens. In 1947, Pavan and da 
Cunha found at Campos de Jordao (Bra- 
zil) some flies which seemed to fit Duda’s 
description of mesophragmatica, and 
which they used for a redescription of 
this species. Jaeger and Salzano (1953) 
described a form which is very abundant 
in the state of Rio Grande do Sul (Bra- 
zil), in Uruguay, and in a part of Argen- 
tina under the name of Drosophila gaucha. 
Finally, Brncic (1957) reported the ex- 
istence in Chile of a species which seemed 
morphologically rather similar to that of 
Pavan and da Cunha, as well as to that 
of Jaeger and Salzano. 

Owing to the kindness of Professor C. 
Pavan of the University of Sao Paulo and 
of Professor Cordeiro of the University 
of Porto Alegre, we have obtained stocks 
from Campos de Jordao and from Rio 
Grande do Sul. The crosses betweeen 
them, as well as the crosses with the Chil- 
ean species, revealed that both Brazilian 
forms belong to the same species. The 
hybrids between them are completely fer- 
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tile, and no differences can be found in 
the salivary gland chromosomes. On the 
other hand, hybrids between the Brazilian 
and the Chilean strains are completely 
sterile, and some chromosomal differences 
between these strains are observed. This 
leads to the conclusion that, although the 
Brazilian and the Chilean forms are al- 
most indistinguishable morphologically, 
they most probably represent two differ- 
ent specific entities. 

Now, which of these species corre- 
sponds to D. mesophragmatica Duda? 
Fortunately, thanks to the efforts of Mr. 
J. Stiffel, who collected material in the 
neighborhood of La Paz, Bolivia, in 1955, 
it was possible to study about 100 speci- 
mens of flies resembling D. mesophrag- 
matica from Duda’s type locality. Later 
in the same year, one of the authors 
(Brncic) collected similar flies at Cuzco, 
Peru. This material proved to contain 
four distinct species. 

By means of morphological, cytological 
and breeding analysis, it has been found 
that one of the Bolivian species is identi- 
cal with the Brazilian one. Other two 
species also found in Bolivia are very 
similar to the first, but they failed to cross 
with it or with each other. On closer ex- 
amination, it was found that they can be 
distinguished by several minor morpho- 
logical features. Among the flies from 
Cuzco, Peru, one of the forms found is 
identical to one of the Bolivian species, 
while the other, although it has most 
traits in common with the forms men- 
tioned, is clearly a new species in the 
group. 

Comparing all the flies with the original 
description of Duda, we conclude that the 
form found both in Cuzco and in La Paz, 
the type localities given by Duda, is the 
one which agrees best with the type 
species. It is redescribed in this paper 
under the name of D. mesophragmatica, 
Duda. The name, D. gaucha Jaeger and 


Salzano, is maintained for the Brazilian 
species, including the one redescribed by 
Pavan and Da Cunha as D. mesophrag- 
The Chilean form is a sibling 


matica. 
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species which is named D. pavani (Brncic, 
1957). The other two members of the 
group are described as D. altiplanica ( Bo- 
livia) and D. orkui (Peru) by Brncic 
and Koref (1957). A sixth species, col- 
lected in March 1957 at Machu Pichu 
(Peru), by Dr. Marta Breuer of the 
University of Sao Paulo, Brazil, and in 
April, 1957, by Brncic in the same lo- 
cality is described under the name of D. 
viracochi Brncic and Koref (1957). 

Of the six species mentioned in this 
paper, samples of the populations have 
been analyzed from the following locali- 
ties: D. mesophragmatica from Cuzco 
(Peru) and La Paz (Bolivia) ; D. gaucha 
from Campos de Jordao, Sao Paulo (Bra- 
zil), Porto Alegre (Brazil), Cordoba 
(Argentina) and San Luis (Argentina) ; 
D. pavanit from the Chilean provinces of 
Atacama (Copiapo and Vallenar), Co- 
quimbo (La Serena, Vicuna, Paihuano, 
Ovalle), Santiago (Bellavista and Ar- 
rayan), Colchagua (Los Alpes) and from 
Mendoza and San Luis, both in Argen- 
tina; D. altiplanica from La Paz (Bo- 
livia) ; D. orkut from Cuzco (Peru), and 
D. viracocht from Machu Pichu (Peru). 

The cultures of all these species are 
maintained on the usual Drosophila cul- 
ture medium; the cytological studies of 
the metaphase and salivary gland chromo- 
somes are made with the aid of the aceto- 
orceine squash method. 


MorRPHOLOGY OF THE SPECIES OF THE 
MESOPHRAGMATICA GROUP 


The following are the common traits of 
the six species which can be included in 
the mesophragmatica group: Brown 
forms; arista with 7 to 9 branches; carina 
prominent and sulcate; 8 rows of acro- 
stichal hairs; mesonotum pollinose with 
faint longitudinal stripes; abdominal ter- 
gites with transversal bands, irtterrupted 
in the midline and diffusely spread out 
towards the lateral angles; anterior Mal- 
pighian tubes free; posterior fused with 
continuous lumen; members of the sub- 
genus Drosophila. 
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Fic. 1. Color patterns of the abdomeen of D. pavani (1), D. gaucha 
(2), D. mesophragmatica (3), D. altiplanica (4), D. orkut (5), and D. 


wiracocht (6). 


Drosophila mesophragmatica Duda, 1927 


The essential characteristics of this spe- 
cies are as follows: Arista with 7 to 8 
branches, 8 being the usual number; An- 
tennae brown; third joint pilose and 
darker than the other two. Front brown. 
Space between the ocelli blackish, form- 
ing a triangle. Bases of all orbital and 
vertical bristles dark brown, almost un- 
distinguishable in color from the rest of 
the front, only slightly pollinose. The 
anterior orbital about the same size as 
posterior; middle orbital about 44 to % 
the length of other two. Only one promi- 
nent oral bristle; second one about 4 to 
1% length of the first. Carina prominent 
and sulcate, gradually broadening below. 
Face grayish yellow. Cheeks grayish yel- 
low, with some pollinosity, their greatest 
width about 4% to 4 greatest diameter of 
eye. Eyes wine red with dark pilosity. 

Acrostichal hairs in 8 regular rows. 
No prescutellars. Anterior scutellars di- 
vergent. Mesonotum dark brown, pol- 
linose. Very faint diffuse darker streaks 
inside and outside the dorsocentral rows. 
Scutellum dark brown. Pleuras very 
dark brown, with darker sutures. Sterno- 
index about 0.7. Legs tannish brown; 
apical bristles on first and second tibiae, 
preapical on all three. Abdomen light 
yellow with dark brown bands on the pos- 
terior margins of each tergite, interrupted 


in the middle, and covering a little less 
than % of the segment width. On the 
lateral margins, the bands expand for- 
wards reaching the anterior border of the 
tergite and forming solid black areas. In 
females the last abdominal segment almost 
entirely yellow, or only slightly darkened. 
Wings clear, slightly tannish. Veins 
light brown; anterior crossvein slightly 
clouded, posterior crossvein a little more 
clouded. Apex of first costal section 
with two prominent bristles of equal 
length; third costal section with heavy 
bristles on its basal 4; to 4. Costal index 
about 3.3; 4th vein index about 1.4; 5x 
index about 1.0; 4c index about 0.70. 
_ Length body about 2.9 to 3.6. Wings 
about 2.8 — 3.1 mm. Testes yellow with 


about 3 to 4 inner and 5 outer coils. 


Spermatic pump with two posterior di- 
verticula. Ventral receptacle with about 
30 coils. Spermathecae cherry-shaped. 
brown, chitinized, with a strongly marked 
base. 


Drosophila gaucha Jaeger and Salzano, 


1953 


The description of this species was 
based on specimens collected at Muitos 
Capoés, Rio Grande do Sul, Brazil, in 
June 1952. According to a personal com- 
munication from the authors, the species 
is abundant in the South of Brazil, in 
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Uruguay, and Argentina. It is easily dis- 
tinguished from D. mesophragmatica by 
several characteristics: General color 
lighter, yellowish brown; markings of the 
abdomen fainter and more diffuse; all 
segments in the female of the same color ; 
third costal section with heavy bristles 
on its basal 4 or less. 


Drosophila pavanit Brncic, 1957 


This species is difficult to distinguish 
from D. gaucha by its morphological 
characteristics; nevertheless, when both 
forms are examined simultaneouly under 
the microscope they may be separated by 
some minor details: In D. gaucha the 
bases of the orbital and vertical bristles 
cannot be distinguished clearly from the 
neighboring regions, nor do they have 
the silvery reflections of the Chilean spe- 
cies; 5x index in D. pavani is 1.32 + 0.13 
in males and 1.27 +0.14 in females, 
while in D. gaucha it is 1.09 + 0.08 in 
males and 1.02 + 0.07 in females. The 
external genitalia of the males are also 
different in both species; the lower mar- 
gin of the clasper is a little straighter 
in D. pavant; the lower margin of the 
genital arch is strongly convex and forms 
a prominence in the Brazilian species, 
while in D. pavani this convexity is not 
so pronounced. 


Drosophila altiplanica Brncic and Koref, 
1957 


This species differs from D. mesophrag- 
matica in the following main characters: 
Arista with about 8 to 9 branches, 9 being 
most frequent; last two tarsal segments 
blackish; posterior dark brown bands on 
the abdominal segments thinner and ap- 
parently uninterrupted in the midline ; the 
last segments of the females with the same 
markings as the others; the ventral re- 
ceptacle in the females with about 40 to 45 
coils. 


Drosophila orkui Brncic and Koref, 1957 


This species is darker in color than the 
other members of the group; the meso- 
notum is dull dark brown, darker in the 
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midline and a little more strongly striped 
than the others ; sterno-index about 0.5 — 
0.6; legs tannish brown with darkened 
coxae; third costal section with heavy 
bristles on its basal 4 to 14. 


Drosophila viracocht Brncic and Koref, 
1957 


Differs from the other species of the 
group in having only 7 branches in the 
arista, and in having the anterior scutel- 
lar bristles convergent. 

Excepting D. gaucha and D. pavani, 
the species members of the group can be 
distinguished by examination of their 
external morphology. The following key 
may be used for recognition of the species : 


1. Anterior scutellar bristles divergent 
Anterior scutellars convergent 
D. viracocht 


2. Third costal section with heavy bristles on 


Third costal section with heavy bristles on 


3. Arista with 7 to 8 branches; costal index 
3.3; dark bands on the posterior margins 
of the tergites clearly interrupted in the 
D. mesophragmatica Duda. 
Arista with 8 to 9 branches; costal index 
about 4; dark bands on the posterior mar- 
gins of the tergites, diffusely or faintly in- 
terrupted in the midline 

D. altiplanica Brncic and Koref 

4. Mesonotum dull dark brown, darker in the 
midline with several faint light stripes, legs 
tannish brown with coxas darkened 

D. orkui Brncic and Koref. 

Mesonotum brown; legs yellow 
D. pavani Brncic, or 
D. gaucha Jaeger and Salzano. 


GEOGRAPHIC DISTRIBUTION 


Data on the geographic distribution of 
the six known members of the mesophrag- 
matica group are represented in figure 2. 

D. mesophragmatica has been reported 
from Bolivia (La Paz) and from Peru 
(Cuzco and Machu Pichu) ; D. orkut and 
D. viracochi have been collected only in 
Peru (Cuzco and Machu Pichu, respec- 
tively) ; D. altiplanica is described from 
Bolivia; D. gaucha has been found in 
Southern Brazil, in Uruguay, Argentina 
and Bolivia; and D. pavani in Chile, and 
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Fic. 2. Known geographic distribution of the six members of the 
mesophragmatica group. 


in a part of Argentina close to the Eastern 
slope of the Andes. 

Summarizing, D. viracochi, D. meso- 
phragmatica and D. orkuwi are sympatric 
in Peru (Cuzco); D. mesophragmatica, 
D. altiplanica and D. gaucha are sympatric 
in Bolivia (La Paz), while D. gaucha and 
D. pavani overlap in a small region in 
Argentina (province of San Luis). 

According to a personal communication 
from Professor Wheeler, of the University 
of Texas, specimens very similar to D. 
altiplanica or D. orkut have been collected 
by Dr. W. B. Heed in the mountains near 
Bogota, Colombia, at about 11,000 feet of 


altitude. In any case, with the exception 
of D. gaucha, most of the species of this 
group seem to be fundamentally Andean. 
Its members are abundant in nature, and 
in some places they are the dominant spe- 
cies of Drosophila. For example, at some 
collecting spots near Cuzco, Peru, the 
members of this group made up a 51.35% 
to a 95.23% of the total Drosophila flies 
obtained. The same situation seems to 
exist at La Paz, Boliva, although there are 
no exact quantitative data from there. 
In the north-central part of Chile, D. 
pavani is the most abundant species, and 
in some collections it forms up to three- 
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quarters of all individuals of Drosophila live by preference at certain altitudes. 
found (Atacama). Professors Pavan and For exaniple, in the “Sierra” of Cordoba 
Cordeiro inform us that D. gaucha is rela- (Argentina) it makes up 31.84%, and in 
tively scarce in Brazil. In Argentina it the “Sierra” of San Luis (Argentina) 
is probably more abundant. It seems to 16.8% of the specimens of the genus. 


= = = 
— = 
= 
= = 
= 


(X) PAVAN! 
(x) GAUCHA 


Fic. 3. The X-chromosome of D. pavant and the distal portions of the 
autosomes of D. pavani and D. gaucha. The arrow indicates the hetero- 
chromatic zone of the X-chromosome, the location of which distinguishes 
D. pavani from the other members of the group. The double inversion in 
the lower part of the figure occurs in the hybrid X-chromosomes in the 


cross D. pavani by D. gaucha. 
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Fic. 4. Gene homologies and inversions found in the hybrids betweeen D. gaucha 
and D. mesophragmatica. 1. X-Chromosome; 2. Left arm of the fourth chromo- 
some; 3. The third chromosome; 4. The second chromosome; 5. Right arm of the 


fourth chromosome. 


CHROMOSOMES 


Pavan and da Cunha (1947) and Jaeger 
and Salzano (1953) have studied the 
caryotype of D. gaucha and Brncic (1957) 
that of D. pavani. The metaphase chro- 
mosomes of the mesophragmatica group 
are shown in figure 5. D. pavani, D. 
gaucha and D. viracochi all have one pair 
of V shaped chromosomes, 3 pairs of rods, 
one of which is the X-Y pair, and one 
pair of dots. D. altiplanica has the same 
basic chromosomal configuration, although 


its dots are slightly elongated, and one of 
the pairs of rods is bent, giving the im- 
pression of small V’s. D. mesophrag- 
matica and D. orkut both have one pair 
of V’s and four pairs of rods, one of which 
is shorter than the rest. The sex pair also 
corresponds to one of the pairs of rods. 
In contrast to what is observed in the 
metaphase plates, the structure of the 
salivary gland chromosomes is very simi- 
lar in all six species. There are 5 long 
euchromatic arms which converge to- 
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wards a large heterochromatic chromo- 
center, in which is embedded a small 
strand, corresponding to the dot-like chro- 
mosome. Figure 3 shows the distal free 
ends of the euchromatic arms, as they are 
seen in D. pavani and D. gaucha. Slight 
differences in the disc patterns in these 
arms permit the identification of the spe- 
cies from cytological preparations. The 
homologies between D. pavani or D. 
gaucha and D. mesophragmatica’s chro- 
mosomes may also be seen in figure 4. 
The fact that in the salivary gland chro- 
mosomes of D. mesophragmatica and D. 
orkut there are only 5 euchromatic arms 
instead of 6, as should be expected ac- 
cording to the metaphase plates, may in- 
dicate that one of the rods, probably the 
shortest one, corresponds to the dot ob- 
served in the other members, which has 
been modified through the addition of 
extra heterochromatin, as has been sug- 
gested by Wharton (1943) for other spe- 
cies. On the other hand, the fact that 
D. altiplanica has the same basic chro- 
mosomal configuration, when theoretically 
it should have 6 euchromatic strands, as 
one of the pairs of rods has been replaced 
by a pair of V’s, indicates that in this 
case the shape does not reflect the posi- 
tion of the centromere, and that these 
chromosomes are most probably acrocen- 
tric instead of metacentric. The V-like 
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shape could be due to the presence of a 
secondary constriction. 


REPRODUCTIVE ISOLATION 


A study of the reproductive isolating 
mechanisms which prevent the exchange 
of genes between closely related species is 
essential for an understanding of the evo- 
lutionary status of these species. Evi- 
dence is available to show that the natural 
populations of the six species of meso- 
phragmatica group are reproductively iso- 
lated. No gene exchange is taking place 
between these species, even when they are 
sympatric. This applies as well to the 
sibling species, D. gaucha and D. pavani. 

Individual as well as mass culture 
crosses have been tried out between’ all 
the members of the mesophragmatica 
group (see table 1). Virgin females 
were aged in isolation for 5-8 days be- 
fore being placed with males of other 
species. The flies were then kept either 
at 16° or at 25° C. If no larvae appeared, 
the females were dissected after exposures 
to the males for periods up to 30 days. 
The ventral receptacles of the females 
were examined under the microscope for 
the presence of spermatozoa. 

D. gaucha and D. pavani mate freely 
under the laboratory conditions. Hybrids 
are produced in almost all crosses of 
these species, but they are nearly always 


pavani gauche mesophragmatica orkui 


Fic. 5. Metaphase plates and hypothetical phylogenetic relationships of the six 
members of the mesophragmatica group. 
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TABLE 1. Production or non-production of hybrids in crosses between different species 
of the mesophragmatics species group 
Females 
Males 
gaucha pavani orkut altiplanica viracochs 
mesophrag- none few pupae none none none 
matica 
gaucha few pupae 92 none none none 
sterile, 
some oo" 
occasionally 
fertile 
pavant few pupae sterile none none 
and 
orkut none none none none none 
alti planica none none none none none 
viracochi none none none none none 
sterile. The hybrid flies may copulate spermatozoa in the sperm receptacles of 


with each other or with representatives of 
the parental species; however, spermato- 
zoa occasionally found in the ventral re- 
ceptacles of hybrid females are inactivated. 
Only in two instances, F, hybrid males 
from the cross pavani 2 by gaucha f were 
fertile when backcrossed to pavani fe- 
males. Other crosses which have pro- 
duced a few hybrids are mesophragmatica 
2 by gaucha J and mesophragmatica 2 by 
pavamt Occasionally some larvae are 
found in the cultures, and they form 
scattered pupae, which die without giving 
rise to adult hybrids. 

All other crosses produce no progeny 
whatever. However, the failure to pro- 
duce progeny is not due to lack of copu- 
lation. In fact, inseminated females can 
be found in most crosses, but the few 
sperms which can be seen in the ventral 
receptacles are always inactive. The eggs 
laid by such females are always unferti- 
lized. The most effective reproductive 


isolating mechanism operative in these 
crosses is, therefore, the inviability of the 


females of foreign species. 


PROBABLE PHYLOGENETIC RELATIONSHIPS 
IN THE MESOPHRAGMATICA 
SPECIES GROUP 


The six species of the mesophragmatica 
group are obviously closely related. They 
are morphologically very close, and D. 
gaucha and D. pavani are sibling species 
which cannot be distinguished by any of 
the traits commonly used in Drosophila 
taxonomy. Nevertheless, the reproduc- 
tive isolation seems to be complete. The 
areas of D. gaucha and D. pavani overlap 
in a part of Argentina, but no indications 
of even occasional hybridation have been 
observed. D. gaucha, D. mesophrag- 
matica and D. altiplanica are sympatric 
in Bolivia, and D. mesophragmatica, D. 
orkut and D. viracochi are sympatric at 
Cuzco, Peru. 

Since most of the species fail to pro- 
duce hybrids, it is not possible to make 
detailed comparisons of the gene arrange- 
ment in their chromosomes by observing 
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the paring of homologous chromosomes in 
the hybrids. A comparative study of the 
chromosomes in metaphase plates and in 
salivary gland cells permits, nevertheless, 
some inferences concerning the possible 
phylogenetic relationships between the 
species of the group. Figure 5 indicates 
the probable phylogenetic arrangement. 

The sibling species D. gaucha and D. 
pavani are obviously the closest relatives. 
Figure 5 shows that their metaphase 
chromosomes are identical. However, 
the gene arangement in their chromosomes 
has diverged appreciably, as shown in 
figure 3. The hybrids show a double 
overlapping inversion in the basal part of 
the X-chromosome. Because of these in- 
versions, a large heterochromatic section 
which is submedian in D. pavani is sub- 
basal in D. gaucha. This trait, easily 
visible in preparations of the salivary 
gland chromosomes, distinguishes D. pa- 
vam from D. gaucha. In fact, it distin- 
guishes D. pavani from the other four spe- 
cies as well, since in all members of the 
group, except D. pavani, the heterochro- 
matic section in the X-chromosomes oc- 
cupies a subbasal position. 

D. viracochi has, like D. gaucha, the 
heterochromatic section in the X-chro- 
mosome in a subbasal position. The 
former species is, on this basis, consid- 
ered closer to D. gaucha than to D. pavani, 
and it is placed accordingly in figure 5. 
D. mesophragmatica and D. orkui are 
probably related, since they have identical 
metaphase configurations, although they 
do not cross and differ in some externally 
visible traits. Since the crosses of D. 
mesophragmatica to D. gaucha and D. 
pavani produce a few hybrids which die 
in the pupal stage, it may be inferred that 
these species are closer to each other than 
they are to D. orkwi. The study of the 
chromosomes in the salivary glands of 
the hybrids gives very interesting results, 
shown in figure 4. The evolutionary di- 
vergence between D. mesophragmatica 
and D. gaucha has involved formation of 
paracentric inversions. In fact every 


chromosome differs in the gene arrange- 
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ment from the corresponding chromosome 
in the other species. There exist multiple 
inversions, as well as a lack of pairing of 
certain sections, the latter apparently due 
to lack of homology between some of the 
bands. 

Since D. altiplanica has failed to cross 
to any other species, it is difficult to estab- 
lish its position securely. The V shape 
acquired by one of the pairs of rods also 
separates this species from the rest of the 
group. The metaphase configuration, 
nevertheless, suggests that D. altiplanica 
is near to D. gaucha and D. viracochi. 


SUMMARY 


Six species of the subgenus Drosophila, 
living in South America, have been in- 
cluded in the new mesophragmatica spe- 
cies group: D. mesophragmatica Duda, 
D. gaucha Jaeger and Salzano, D. pavani 
Brncic, D. altiplanica sp. nov., D. orkut 
sp. nov., D. viracochi sp. nov. 

With the exception of D. gaucha and 
D. pavani, which exhibit only cryptic 
morphological differences, all the other 
members can be distinguished by their 
external characteristics. 

The six species show varying degrees 
of reproductive isolation. D. gaucha and 
D. pavani mate freely under laboratory 
conditions, but the hybrids are always 
sterile. Hybrids between D. mesophrag- 
matica females and D. gaucha or D. pavant 
males are rarely produced and develop 
only to the pupal stage. Most of the other 
species copulate, but the sperm are rap- 
idly inactivated, and the eggs which the 
females lay are not fertilized. In addi- 
tion, there is good chromosomal and ge- 
netic evidence to show that no gene ex- 
change takes place in the natural popula- 
tions of the six species of the group, in 
spite of the fact that some are sympatric 
in certain regions, including the two sib- 
ling species D. pavani and D. gaucha. 

All six species have five pairs of chromo- 
somes in the metaphase plates. D. 
gaucha, D. pavani and D. viracochi have 
one pair of V’s, three pairs of rods and 
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one pair of dots. In D. mesophragmatica 
and D. orkut, the dots are transformed by 
addition of heterochromatin into a pair 
of rods. In D. altiplanica one of the rods 
has acquired the shape of a medium-sized 
V, probably due to the presence of a sec- 
ondary constriction. 

The study of the salivary gland chromo- 
somes has revealed that the most impor- 
tant changes related to speciation in this 
group involve paricentric inversions and 
additions or losses of heterochromatin. 
The analysis of the chromosomes permits 
the establishment of a hypothetical phylo- 
genetic relationship between the species 
of the group. 
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INTRODUCTION 


The role of random genetic drift in the 
evolutionary process has, for about two 
decades, been one of the controversial is- 
sues in population genetics. Some au- 
thors have appealed to “drift” as a conve- 
nient explanation of the origin of dif- 
ferences among organisms for which no 
other explanations seemed to be available. 
But one’s inability to discover the adaptive 
significance of a trait does not mean that 
it has none (cf. Dobzhansky, 1956). The 
hypothesis of random genetic drift should 
not be used as a loophole; to be accepted 
it requires a firmer basis than suspicion. 
Other authors seem to think that drift 
and natural selection are alternatives. 
As soon as a gene is shown to have any 
effect whatever on fitness, the conclusion 
is drawn that its distribution in popula- 
tions must be determined solel: sy selec- 
tion and cannot be influenced by random 
drift. But this is a logical non-sequitur. 
The important work of Aird et al. (1954) 
and of Clarke et al. (1956) disclosed that 
the incidence of certain types of gastro- 
intestinal ulceration is significantly dif- 
ferent in persons with different blood 
groups. This is, however, far from a 
convincing demonstration that the ob- 
served diversity in the frequencies of the 
blood group genes in human populations 
is governed wholly, or even partially, by 
selection for resistance to ulcers. To 
make such a conclusion tenable it would 
have to be demonstrated that the en- 
vironments in which human racial dif- 
ferences have evolved actually favored 
greater resistance in certain parts of the 
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world and lesser resistance in certain 
other parts. Thus far no evidence has 
been adduced to substantiate any such 
claim. 

As defined by Wright (1949) random 
genetic drift includes all variations in 
gene frequencies which are indeterminate 
in direction. Such variations are caused 
by accidents in gene sampling in popula- 
tions of finite genetically effective size, 
as well as by fluctuations in the intensity 
or in the direction of selection, mutation 
and gene exchange between populations. 
Wright (1932, 1948, 194@, 1951) as well 
as the present writer (Dobzhansky, 1937- 
1941-1951) have stressed that random 
drift by itself is not likely to bring about 
important evolutionary progress. Indeed, 
variations in gene frequencies induced by 
random drift in small isolated populations 
are apt to be inadaptive, and hence likely 
to result in extinction of such popula- 
tions. However, random drift may be 
important in conjunction with systematic 
pressures on the gene frequencies, par- 
ticularly with natural selection. What is 
most necessary, then, is the type of ex- 
perimental evidence that would permit 
analysis of the interactions between ran- 
dom drift and selection. Such evidence, 
although difficult to obtain, should be 
within the range of what is possible. Kerr 
and Wright (1954) and Wright and Kerr 
(1954) studied models of Drosophila 
populations in which the number of the 
progenitors in every generation was fixed 
arbitrarily, and in which classical labora- 
tory mutants were used as traits subject 
to drift and to selection. In the experi- 
mental Drosophila populations described 
in the following pages naturally occurring 
genetic variants, inversions in the third 
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chromosomes of Drosophila pseudoob- 
scura were used. Severe limitation of the 
population sizes was introduced in some 
of the populations in only a single genera- 
tion, at the beginning of the experiments. 
Experiments so conducted may to some 
extent reproduce genetic events which 
occur in natural populations. 


PRELIMINARY EXPERIMENTS 


It has been shown (see Dobzhansky, 
1949 and 1954, for reviews) that heterozy- 
gotes of Drosophila pseudoobscura which 
carry two third chromosomes with dif- 
ferent gene arrangements derived from 
the same locality are, as a rule, superior in 
Darwinian fitness to the corresponding 
homozygotes. The situation is more com- 
plex when flies of different geographic 
origins are hybridized. Chromosomal 
heterozygotes which carry two third chro- 
mosomes derived from different geo- 
graphic regions may or may not exhibit 
heterosis. Experimental populations, 
bred in the laboratory in so-called popu- 
lation cages, behave differently depending 
upon whether the foundation stock of the 
population consists of flies of geographi- 
cally uniform or of geographically mixed 
origin. In the former case, the chromo- 
somes with different gene arrangements 
usually reach certain equilibrium frequen- 
cies. Replicate experiments, conducted 
with reasonable precautions to make the 
environments uniform, give results re- 
peatable within the limits of sampling er- 
rors. With geographically mixed popu- 
lations the results do not obey simple 
rules. The course of natural selection in 
such populations is often erratic; equi- 
librium may or may not be reached, or 
may be reached and then lost; replicate 
experiments do not give uniform results ; 
heterosis may or may not be present at 
the start of the experiments, and may or 
may not develop in the course of selection 
in the experimental populations. 

The indeterminacy observed in the pop- 
ulations of geographically mixed origin 
is however understandable (Dobzhansky 
and Pavlovsky, 1953; Dobzhansky, 1954). 
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Race hybridization releases a flood of 
genetic variability; the number of po- 
tentially possible gene combinations far 
exceeds the number of the flies in the 
experimental populations; natural selec- 
tion perpetuates the genotypes which 
possess high adaptive values under ex- 
perimental conditions, but it is a matter 
of chance which of the possible adaptive 
genotypes will be formed first in a given 
population. In some populations these 
genotypes will happen to be structural 
heterozygotes, and in others homozygotes. 
We have tested about thirty experi- 
mental populations of mixed geographic 
origins, using different combinations of 
flies from diverse localities (Dobzhansky 
and Pavlovsky, 1953, and much unpub- 
lished data). Among them were two 
replicate populations, Nos. 119 and 120, 
which are relevant here. They were 
started on February 8, 1954, in wood-and- 
glass population cages used in our labora- 
tory and described previously. The 
foundation stocks consisted of F, hy- 
brids between 12 strains derived from 
flies collected near Austin, Texas in 1953 
and 10 strains derived from Mather, Cali- 
fornia, in 1947. The Texas strains were 
homozygous for the Pikes Peak (PP) 
gene arrangement, and the California 
strains for the Arrowhead (AR) gene 
arrangement in their third chromosomes. 
In each of the two cages 2,395 flies of both 
sexes, taken from the same F, culture 
bottles of Texas by California crosses, 
were introduced. The populations were 
kept in an incubator at 25° C., samples of 
eggs deposited in the population cages 
were taken at desired intervals, larvae 
hatching from these eggs were grown un- 
der optimal conditions in regular culture 
bottles, and their salivary glands were 
dissected and stained in acetic orcein. 
The course of the events in the popula- 
tions Nos. 119 and 120 is shown in table 
l and figure 1. The percentage frequen- 
cies of PP chromosomes are given in this 
table, the frequencies of AR chromosomes 
are the balance to 100 per cent. Each 
sample is based on determination of the 
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TABLE 1. Changes in the frequencies (in per 
cent) of PP chromosomes in two replicate experi- 
mental populations of Drosophila pseudoobscura 
of mixed geographic origin (Texas PP by Cali- 
fornia AR) 


Days Popu- Popu- 

from lation lation Chi- 

start No. 119 No. 120 Square P 

0 50.0 50.0 — os 

35 49.3 48.7 0.02 0.90 
70 39.0 40.7 0.08 0.75 

105 42.3 36.7 1.01 0.35 

250 30.0 42.7 6.01 6.01 

300 29.0 40.7 4.50 0.03 

365 26.3 42.0 15.60 0.001 

425 25.0 41.7 9.37 0.002 


gene arrangement in 300 third chromo- 
somes (150 larvae, taken in 6 subsamples 
on 6 successive days). The first samples, 
35 days from the start, showed little 
change from the original frequencies, 50 
per cent, of the chromosomes. At 70 and 
105 days the frequencies of PP dimin- 
ished, about equally in both populations, 
as shown by the low chi-square (each chi- 


square has one degree of freedom). But 
at 250 days the frequency of PP dimin- 
ished in the population No. 119, while it 
failed to change, or even increased, in No. 
120. This situation persisted until April 
9, 1955, about 425 days from the start, 
when the last samples were taken and the 
populations were discarded. The chi- 
squares shown in table 1 attest that the 
outcomes of natural selection in these two 
experimental populations were clearly un- 
like. It should be noted that the magni- 
tude of the divergence between the repli- 
cate populations Nos. 119 and 120 is not 
exceptionally great for the type of experi- 
ments in which flies from geographically 
remote localities are involved. 


MAIN EXPERIMENTS 


Certain consequences should follow 
from the above interpretation of the in- 
determinacy observed in populations of 
geographically mixed parentage. The in- 
determinacy should be a function of the 
genetic variability in the foundation stock 
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Fic. 1. Changes in the frequencies of PP chromosomes in two replicate experimental 
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of the populations. Chromosomes with 
PP and AR gene arrangements are rec- 
ognizable under the microscope; their 
frequencies are made uniform in the foun- 
dation stock of all populations, and we 
observe changes in their frequencies as 
the experiment progresses. However, we 
infer that, apart from this overt variability 
in the frequency of the gene arrangements, 
there must exist also a large amount of 
genic variability released owing to gene 
recombination in the F, and later genera- 
tions of interracial hybrids. Although 
there is no way of telling by how many 
genes the races differ, the number of the 
possible gene combinations must be sev- 
eral to many orders of magnitude greater 
than the number actually realized. The 
outcome of selection in the experimental 
populations should, then, be more variable 
in small than in large populations. 

This working hypothesis is open to 
experimental test, but the experimental 
technique must be carefully thought 
through. One could make some experi- 
mental populations smaller than others 
by keeping them in cages of different 
sizes and with different amounts of food. 
The drawback of this would be that the 
environments of the populations of differ- 
ent sizes would be dissimilar. Therefore, 
we have chosen to vary the sizes of the 
foundation stocks of our populations, but 
to permit them to expand to equal size, 


TABLE 2. Frequencies (in per cent) of PP chromosomes in the experimental populations 
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which, because of the high fecundity of 
the flies, they do within a little more than 
a single generation. 

The same 12 Texas PP and 10 Cali- 
fornia AR strains were used in the main 
as in the preliminary experiments (see 
above). F, hybrids between them, which 
were necessarily heterozygous PP/AR, 
were raised in regular culture bottles, and 
so were the F, hybrids. In June 1955, 
4,000 F, flies, about equal numbers being 
females and males and derived equally 
from the different crosses, were placed in 
a population cage. Between June 15 and 
27, 15 cups with yeasted culture medium 
were inserted in the cage daily. The flies 
covered the medium with eggs overnight. 
The cups with the eggs were then with- 
drawn and placed in another population 
cage containing no adult flies. In this 
manner ten population cages, Nos. 145- 
154, were obtained on ten successive days. 
They were descended, then, from the same 
foundation stock of 4,000 F, interlocality 
hybrids. The frequencies of PP and AR 
chromosomes in the foundation stock are 
evidently 50-50. These are the “large” 
populations. 

Ten groups of 20 F, flies each, 10 99 
and 10 ¢, were taken from the same F, 
cultures which served as the source of the 
foundation stock for the “large’’ popula- 
tions, care being taken to include in each 
group flies from all the F, cultures. 


Large populations 


Small populations 


No. Oct. 55 Nov. '56 No Oct. 55 Nov. '56 
145 39.3 31.7 155 37.7 18.0 
146 42.3 29.0 156 30.7 32.0 
147 29.3 34.7 157 31.0 46.0 
148 38.0 34.0 158 32.3 46.7 
149 33.3 22.7 159 34.3 32.7 
150 36.0 20.3 160 41.7 47.3 
151 40.3 32.0 161 37.3 16.3 
152 41.0 22.3 162 25.3 34.3 
153 37.0 25.7 163 37.7 32.0 
154 42.0 22.0 164 25.3 22.0 
Mean 37.85 27.44 Mean 33.33 32.73 
Variance 15.30 26.96 Variance 26.73 118.91 
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LARGE POPULATIONS 


SMALL POPULATIONS 
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Fic. 2. The frequencies (in percent) of PP chromosomes in twenty replicate experi- 
mental populations of mixed geographic origin (Texas by California). 


These groups of F, flies were placed in 
regular culture bottles and allowed to 
produce progenies. Each progeny was 
then transferred to population cages of 
the same type as those used for the “large”’ 
populations. Ten population cages, Nos. 
155-164, were thus obtained. They are 
the “small” populations. It should be 
reiterated that the “large” and the “small” 
differed only in the foundation stocks, 
these being 4,000 and 20 flies respectively. 
All populations were kept at 25° C. and 
treated similarly in every way. 

In October and November 1955, about 
4 generations after the start, the popula- 
tions were examined; egg samples were 
taken and the chromosomes in the sali- 
vary gland cells of the larvae that hatched 
from these eggs were studied. The gene 
arrangements in the chromosomes were 
determined and scored by Dr. Louis 
Levine. The results are summarized in 
table 2 and figure 2. As usual, each 
sample consisted of 300 chromosomes. 
The frequencies of PP varied from 29.3% 
to 42.3% in the “large” populations, and 
from 25.3% to 41.7% in the “small” ones. 


The heterogeneity is significant in both; 
the chi-square for the “large” is 19.5 and 
for the “small” ones 35.9, which corre- 
spond to probabilities of about 0.02 and 
of much less than 0.001 respectively. The 
heterogeneity among the replicate ex- 
periments is, of course, not surprising in 
view of the outcome of the preliminary 
experiments (table 1), although in these 
latter a significant heterogeneity first ap- 
peared after somewhat more than 4 gen- 
erations from the start. It may be noted 
(table 2) that the variance for the “small” 
populations (26.7) is ostensibly greater 
than for the “large” ones (15.3), but the 
F value is not significant. It may also be 
noted that the frequencies of PP chromo- 
somes have declined from the 50% value§ 
in the foundation stock, the decline being’ 
somewhat greater in the “small” (33.3% ) 
than in the “large” (37.8%) populations. 

The next, and the final, test of the 
populations was made in November 1956, 
i.e., more than a year after the first test 
and about 19 generations after the popu- 
lations were placed in the population 
cages. The preliminary experiments 
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(table 1) show that the populations reach 
equilibria in the frequencies of PP and 
AR chromosomes within less than a year 
from the start. The samples, 300 chro- 
mosomes per cage, were taken in the 
usual manner and scored by one of us 
(Th. D). The results are reported in 
table 2 and figure 2. 

It may be noted that the mean frequency 
of PP in the “large” populations is now 
27.4% and in the “small” ones 32.7%. 
These means are not significantly different 
from each other, but the 1956 mean for the 
“large” populations is significantly lower 
than the 1955 mean. The outcomes of 
natural selection in the “large’’ and the 
“small” populations are, then, similar on 
the average. It is otherwise when the 
outcomes in the individual populations are 
considered. As shown in table 2 and fig- 
ure 2, the frequencies of PP in the “large” 
populations range from 20.3% to 34.7%, 
and in the “small’’ ones from 16.3% to 
47.3%. In both instances the hetero- 
geneity is highly significant (the chi- 
square for the “large” population is 40.4 
which, for 9 degrees of freedom, has a 
negligible probability of being due to 
chance. Both in the “large” and especially 
in the “small” populations the variance has 
increased during the year intervening be- 
tween the two tests (1955-1956). 

Most important of all is, however, that 
the “small” populations show a _hetero- 
geneity significantly greater than the 
“large” ones. The variances, 118.9 and 
27.0, now give an F ratio of 4.4 which is 
significant at between the 0.025 and 0.010 
levels. The greater heterogeneity is evi- 
dently due to the different magnitudes of 
the foundation stocks in these populations. 
This heterogeneity was indicated already 
by the tests in October 1955, but it has 
become significant as the selection contin- 
ued during the year between the two tests. 
Finally, it may be pointed out that there 
appears to be no significant correlation 
between the status of a given population 
in 1955 and 1956. For example, No. 160 
had the highest frequency of PP in both 
tests (Table 2), but No. 161 which had 
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the lowest frequency in 1956 had an 
above average frequency in 1955. 


DISCUSSION 


The results of the present investigation 
can be stated very simply: Although the 
trait studied (the gene arrangement in 
the third chromosome) is subject to 
powerful selection pressure, the outcome 
of the selection in the experimental popu- 
lations is conditioned by random genetic 
drift. The either-selection-or-drift point 
of view is a fallacy. 

In our experiments, the heterozygotes 
which carry two third chromosomes with 
different gene arrangements are heterotic ; 
natural selection in the experimental popu- 
lations establishes equilibrium states at 
which both gene arrangements occur with 
certain frequencies; these frequencies are 
determined by the relative fitness of the 
homozygotes and heterozygotes. Now, 
the environments being reasonably uni- 
form in all experimental populations, the 
outcome of the selection processes in the 
replicate experiments should also be uni- 
form. And so it is, in experimental popu- 
lations of geographically uniform origin. 
But it is not so in geographically mixed 
populations. In the latter, the selective 
fates of the chromosomal gene arrange- 
ments become dependent upon the poly- 
genic genetic background, which is highly 
complex and variable because of the gene 
recombination that is bound to occur in 
populations descended from race hybrids. 
Here random drift becomes operative and 
important. It becomes important despite 
the populations being small only at the be- 
ginning of the experiments, because the 
foundation stocks in some populations 
consisted of small numbers of individuals. 
Thereafter, all the populations expand 
to equal sizes, fluctuating roughly between 
1,000 and 4,000 adult individuals. Such 
populations can be regarded as small only 
in relation to the number of gene recom- 
binations which are possible in populations 
of hybrid origin. 

For reasons that are not far to seek, 
geneticists visualize the evolutionary proc- 
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ess usually in terms of the destinies of 
single genes. With the notable exception 
of the contributions of Wright (1932 and 
subsequent work), this is the frame of 
reference of most of the mathematical 
theory of population genetics. This makes 
manageable an otherwise impossibly com- 
plex topic, and yet the oversimplified 
models usually suffice for understanding 
of microevolutionary processes. But as 
we move into the realm of mesoevolution 
(Dobzhansky, 1954), not to speak of 
macroevolution, it becomes indispensable 
to consider not only the destinies of single 
genes but also of integrated genotypes, 
and finally of the gene pool of Mendelian 
populations. In our experiments, the 
foundation stock of the populations con- 
sisted of F, hybrids between rather re- 
mote geographic races; a highly variable 
gene pool arose owing to the hybridiza- 
tion; random drift caused different seg- 
ments of this gene pool to be included in 
the foundation stocks of each population, 
especially in the small ones; natural se- 
lection then produced divergent results 
in different populations, especially again 
amongst the small ones. 

It is now logical to inquire whether the 
events observed in our experimental popu- 
lations resemble situations which occur in 
nature. The excellent work of Dowdes- 
well and Ford (1952, 1953) and Ford 
(1954) has disclosed a most suggestive 
case. Populations of the butterfly .Wani- 
ola jurtina are rather uniform throughout 
southern England, despite some obvious 
environmental diversity in different parts 
of this territory. In contrast to this, the 
populations of the same species show 
quite appreciable divergence on the islands 
of the Scilly archipelago, although these 
islands are within only a few miles of 
each other and their environments appear 
rather uniform. Especially remarkable 
is the divergence observed between the 
populations of certain small islands, while 
larger islands have more nearly similar 
populations. The small islands happen, 
however, to be situated between the larger 
ones. The investigators have estimated 


that the populations of the small islands 
consist of numbers of individuals of the 
order of 15,000 and that the populations 
of the large islands must be considerably 
greater. The authors conclude that the 
genetic divergence between these popu- 
lations must be produced entirely by selec- 
tion, random drift being inconsequential. 
The evidence is, however, weighed in 
favor of the view that the genetic diver- 
gence was initiated by the island popula- 
tions being derived from small numbers 
of immigrants from the mainland or from 
other islands. These immigrants intro- 
duced somewhat different sets of genes 
on each island, whereupon natural selec- 
tion built different genetic systems in the 
different populations. 

The divergence between island and 
mainland populations has been studied 
also by Kramer and Mertens (1938) and 
by Eisentraut (1950) in lizards, and by 
Lowe (1955) in mammals and reptiles. 
Most data agree in showing that the di- 
vergence is greater on smaller than on 
larger islands, and greater on islands more 
remote from the mainland than on those 
which are apt to receive immigrants most 
frequently. Many authors, including this 
writer (Dobzhansky, 1937, 1941), inter- 
preted these situations as arising through 
random drift in populations of continu- 
ously small size, or frequently passing 
through narrow “bottlenecks.” This in- 
terpretation need no longer be sustained. 
It is more probable, especially in the light 
of the experiments described in the pres- 
ent article, that in the island populations 
we are observing the emergence of novel 
genetic systems moulded by interaction 
of random drift with natural selection. 

Mayr (1954) has pointed out that con- 
spicuous divergence of peripherally iso- 
lated populations of a species is a fairly 
general phenomenon, well known to sys- 
tematists. He rightly concludes that this 
divergence cannot be due entirely to ran- 
dom drift “in the ordinary sense,” 1.e., to 
fluctuations of the gene frequencies in 
populations of persistently small size. In- 
deed, some of the peripheral populations 
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consist of thousands or even millions of 
individuals. Mayr’s interpretation can 
be stated best in his own words: “Isolating 
a few individuals (the ‘founders’) from 
a variable population which is situated in 
the midst of a stream of genes which flows 
ceaselessly through every widespread 
species will produce a sudden change of 
the genetic environment of most loci. 
This change, in fact, is the most drastic 
genetic change (except for polyploidy and 
hybridization) which may occur in a pop- 
ulation, since it may effect all loci at once. 
Indeed, it may have the character of a 
veritable ‘genetic revolution.’ Further- 
more, this ‘genetic revolution,’ released by 
the isolation of the founder population, 
may well have the character of a chain 
reaction. Changes in any locus will in 
turn affect the selective values at many 
other loci, until finally the system has 
reached a new state of equilibrium.” The 
outcome of our experiments described 
above may, in a sense, be regarded as ex- 
perimental verification of Mayr’s hy- 
pothesis. 


SUMMARY 


Twenty replicate experimental popula- 
tions of Drosophila pseudoobscura were 
kept in a uniform environment for ap- 
proximately 18 months. The founda- 
tion stocks of all the populations con- 
sisted of F, hybrids between flies of Texas 
origin which had the PP gene arrange- 
ment in their third chromosomes, and 
flies of California origin with the AR 
gene arrangement in the same chromo- 
some. In ten of the populations the found- 
ers numbered 4,000 individuals ; the other 
ten populations descended from only 20 
founders each. 

The frequencies of PP and AR chro- 
mosomes in all the populations were origi- 
nally 50 per cent. Eighteen months Iater, 
the frequencies of PP varied from about 
20 to 35 per cent in the populations de- 
scended from the large numbers of found- 
ers, and from 16 to 47 per cent in those 
descended from small numbers of the 
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founders. The heterogeneity of these fre- 
quencies of PP chromosomes observed in 
the replicate populations is statistically 
highly significant. More important still, 
the heterogeneity is significantly greater 
in the populations descended from small 
numbers of founders than in those de- 
scended from large numbers of founders. 

Heterozygotes which carry a PP and 
an AR third chromosome are superior 
in adaptive value to the PP and AR ho- 
mozygotes. Therefore, the frequencies of 
PP and AR chromosomes in the experi- 
mental populations are controlled by nat- 
ural selection. However, the hetero- 
geneity of the results in the replicate popu- 
lations is conditioned by random genetic 
drift. 

Only some of the possible combinations 
of the genes of the Texas and California 
genomes are actually realized in the popu- 
lations. The segments of the gene pool 
which arise from race hybridization are 
smaller, and therefore less uniform, in the 
populations descended from small than in 
those descended from large numbers of 
founders. It may reasonably be inferred 
that evolutionary changes involving inter- 
actions of natural selection and random 
drift of the kind observed in our experi- 
ments are not infrequent in nature. 
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INTRODUCTION 


This study concerns the isolation mech- 
anisms which hinder interbreeding of two 
sympatric species of anurans; and it deals 
also with partial breakdown of isolation 
in some natural populations. 

The spadefoots, Scaphiopus holbrooki 
hurteri and S. couchi are sympatric in 
central Texas. S. holbrooki hurteri oc- 
curs in woodland or savannah (Bragg, 
1945) areas while S. couchi is an inhabi- 
tant of the plains. The former is found 
in central and eastern Texas, Oklahoma, 
Arkansas, and Louisiana. S. couchi 
ranges from central Texas westward into 
New Mexico, Utah, Lower California and 
southward into Mexico. In central Texas 
the ranges (Fig. 1) of the two species 
overlap geographically within a_ band 
varying from 10 to 50 miles in width, 
situated roughly at 98° longitude, and 
extending north and south. Both species 
breed in temporary rainpools during and 
after heavy rains. 

The mating calls of the species under 
consideration differ somewhat, but they 
are basically similar (W. F. Blair, 1955). 
Morphologically, these spadefoots are 
quite distinct. S. holbrooki hurteri is 
often smaller than couchi, but there is 
considerable variation from one locality 
to another. Specimens of hurteri may be 
a gray-green, or (especially in breeding 
individuals) olive-green in males and 
chocolate brown in females. The pattern 
is invariably in the form of an hourglass 
on the dorsal surface. There is always a 
distinct interorbital bony boss, and the 


1 Part of dissertation submitted to The Uni- 
versity of Texas as partial fulfillment of the 
requirements for the degree of Doctor of Philos- 


ophy. 
Evo.uTtion 11: 320-338. September, 1957. 


spade is always quite short. Specimens of 
couchi are generally larger, with either a 
solid green, or mottled or marbled green 
and black dorsum. No boss occurs in the 
interorbital region, and there is no hour- 
glass pattern. The spade is almost as 
long as it is broad. 

In considering the extensive overlap in 
their ranges, two questions are immedi- 
ately suggested regarding the relatively 
divergent species, S. holbrooki hurteri and 
S. couch; If adjacent populations occur, 
are they able to maintain their distinct- 
ness’ And if they are able to remain 
distinct, what are the factors favoring 
this? In other words, what are the iso- 
lation mechanisms that prevent gene ex- 
change, and what are the conditions under 
which these mechanisms break down, with 
consequent interspecific hybridization ? 

This work was done between 1952 and 
1956 in central Texas. 


METHODS 


Field trips were made on the nights 
immediately following or during rains, if 
it was judged that approximately one- 
half inch or more of rain had fallen. In 
nearly every instance, a “circuit” trip was 
made. <A circuit trip included both hur- 
tert and couchi localities within a 40 mile 
radius of Austin. 

Ecological observations pertinent to re- 
productive isolation were made in the 
field. Hybrids were produced and raised 
to sexual maturity in the laboratory so 
that their fertility could be tested. Meth- 
ods on artificial fertilization, induction of 
ovulation, and raising offspring will be 
discussed in a separate paper (Wasser- 
man, in manuscript ). 
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Fic. 1. 
brooki hurtert (dot) in Texas. 


same locality is indicated by half solid, half clear circle. 
Natural 
General distribution of sandy soils is indi- 


on Brown (1950), Texas 


personal collections. 
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Distribution of Scaphiopus couchi (circle) and S. hol- 
Occurrence of both species in the 


Based 


History Collections, and 


cated by stippling (after Carter, 1931). 


ISOLATION MECHANISMS 


If two sympatric species are to remain 
distinct one or more isolation mechanisms 
must be in effect to prevent gene ex- 
change. The data for the complex of 
isolation mechanisms serving to separate 
populations of hurteri from those of 
couch will now be considered. 


Soils and Vegetation 


An isolation mechanism would be in 
effect between two related populations 
that differed in soil or vegetation prefer- 


ences. 

According to Bragg (1945), couchi in 
Oklahoma is restricted to short-grass 
plains. 


Ruthven (1907) reports that this 


species was found in mesquite association 
near Tucson. Near Douglas, Arizona, it 
was found in a mesquite-yucca association 
(Stebbins, 1951). In Texas, I have col- 
lected couchi in mesquite and very often 
in cultivated fields. In central Texas 
couchi is found almost entirely in areas 
in which the soil is a black clay or loam. 
In Travis County this soil is a calcareous 
marl derived from limestone deposits. 
This affinity of couchi for black soil is, 
however, apparently not consistent 
throughout its range. In the vicinity 
of Hebbronville, in Jim Hogg County, 
for example, the soil is quite sandy, and 
couchi is known to occur in the area (Ax- 
tell and Wasserman, 1953). This may 
be true of many areas in western Texas 


322 


and farther west as well. General distri- 
bution of couchi in Texas is shown in 
Figure 1. 

S. hurteri is reported by Bragg (1945) 
to be abundant in woodland and savannah 
areas and to tend also to follow flood 
plains in Oklahoma. In Texas this spe- 
cies has been collected in oak-hickory and 
oak-pine associations. As shown in Fig- 
ure 1, hurteri is restricted entirely to 
sand, or sandy-clay soils in Texas. In 
Oklahoma, the situation is apparently 
somewhat different. A. P. Blair (writ- 
ten communication) reports that hurteri 
may occur on sandy or calcareous (eastern 
Oklahoma) soils. In connection with 
this latter situation, it should also be men- 
tioned that the ranges of hAurteri and 
couchi do not overlap in Oklahoma. Se- 
lection pressure, in this case, would not 
be expected to favor the isolation mecha- 
nism of soil specificity, since isolation is 
spatial. It may be concluded from the 
foregoing that in Texas, at least, soil types 
act as a partial ecological isolation mecha- 
nism between /urteri and couchi in the 
overlap zone. Thus, couchi is, for the 
most part, restricted to black calcareous 
soil, while hurtert is invariably restricted 
to sandy soils. The possibility of inter- 
breeding between the nominal species at 
the points of juncture between the two 


soil types merits further investigation. 
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Numerous transects were made in such 
areas on favorable nights to the south 
and east of Austin. One such transect 
revealed that couchi is separated from 
hurtert in Elgin, Bastrop County, only by 
a railroad. S. coucht was collected on the 
western end of an overpass on U. S. 
Highway 290, while hurtert was found on 
the eastern end of the same overpass. it 
is very close to this point that the soils of 
both types are in juxtaposition. Cer- 
tainly, here is a most likely locality for 
hybridization, but evidence of interbreed- 
ing or hybrids could not be found. 

Other transects across the contact line 
between the two soil types failed to dis- 
close any locality in which the two spe- 
cies were separated from one another by 
less than a mile. 

Apparently, couchi rapidly loses its 
specificity westward from the zone of 
overlap and avails itself of any fairly 
friable soil. 


Temperature 


Two related sympatric populations 
would be reproductively isolated if they 
preferred to breed at different tempera- 
tures. 

Temperature readings were recorded 
during each breeding with the exception 
of the first in 1952 (April 11). How- 
ever, Austin Weather Bureau records 
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Fic. 2. Temperature recordings (in degrees Fahrenheit) taken at site of breeding 
congresses. 
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show a low of 55° F. during the night of 
April 11-12. 

An examination of the breeding rec- 
ords (Fig. 2) indicates that during each 
of the four breeding seasons between 
1952 and 1955 hurteri always bred earlier 
than couchi. In 1952, the temperature 
during the time of the first hurtert breed- 
ing was more than 5° F. lower than that 
during the first couchi breeding. In 1955, 
the temperature difference between the 
first breeding dates of each species was 
more than 15° F. (Fig. 2). In 1953, the 
temperatures were approximately the 
same, and no coucht record was obtained 
in 1954. There are also records of couchi 
breeding when precipitation is favorable 
throughout the summer and as late as 
September. On the other hand, I have 
no records of breeding /urteri later than 
May. Thus couchi breeds at a time of 
the year when hurteri does not, and also 
at such times that its breeding activity 
coincides with that of the other species. 


Ethology 


In populations potentially capable of 
interbreeding, differences in ethological 
characteristics would operate as an iso- 
lation mechanism as effectively as the 
physical factors discussed in the foregoing. 

Bragg (1945) emphasizes the impor- 
tance of the observation that in Oklahoma 
coucht most frequently calls on or near 
banks of a breeding pool, whereas /ur- 
tert calls while floating. He believes this 
to be an important psychological isolating 
mechanism between the two species. 
However, he states also that it is not un- 
common to find the reverse traits in either 
species. 

Observations made in the Austin vi- 
cinity did reveal that in many instances, 
hurtert calls while floating, and couchi 
calls on or near banks; but as Bragg 
points out, the reverse traits were also 
common in either species. Furthermore, 
ina mixed breeding swarm of hurteri and 
couchi it was observed that cross matings 
occurred in a frequency roughly equal to 
intraspecific matings. While it is recog- 
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nized that other factors may be pertinent, 
it is felt that the position in the pool from 
which individuals of either species may- 
call is of little or no importance in hinder- 
ing interbreeding, where both occur 
together. 

The calls of hurteri and couchi, as indi- 
cated earlier, are basically similar, but 
there are some differences (W. F. Blair, 
1955). The question that seems to be of 
greater importance than position of call- 
ing individuals is whether or not the slight 
differences in call between the two spe- 
cies are sufficient to constitute an isolating 
mechanism. Other than the instance cited 
above of interbreeding in a mixed swarm, 
there is no evidence available at this time 
which would satisfactorily answer this 
question. 

As in other anurans, it is the female 
spadefoot that moves toward the relatively 
fixed, calling male. The clasping instinct 
during optimal breeding conditions is 
apparently indiscriminate. Whether in- 
stances of cross matings may be attributed 
to a confusion on the part of the female 
in distinguishing between calls of the two 
species, or to inadvertent brushing against 
‘wrong’ males with consequent amplexus, 
is not known. This could be answered 
by tests involving call preferences of in- 
dividual females placed between choruses 
of pure hurtert on one side and couchi on 
the other. 


Hybrid Inviability and Sterility 


In the event of failure of extrinsic and 
ethological isolation mechanisms, popu- 
lations potentially capable of interbreeding 
may still be effectively separated geneti- 
cally if the resulting offspring are either 
inviable or sterile. The following is a 
discussion of cross breeding tests made 
between the nominal species in the labora- 
tory. 


couchi 2 X hurtert J 


This cross was made with a total of 10 
different pairs. Experiments in 1952 in- 
volved animals from a golf course in 
Austin in which both species occur and 
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TABLE 1. Relative viability of hurteri-couchi crosses and controls as determined 
by egg and embryo counts * 
coucht Q X hurteri coucht X couchi 
Failed Failed 
Tech- Egg no. to Devel- Via- Tech- Egg no. to Devel- Via- 
Year nique counted develop oped bility nique counted develop oped bility 
1952 N 30 10 20 67% N 360 50 310 86% 
N 33 4 29 87% N 180 40 140 77% 
78% N 700 200 500 73% 
1953 N 118 26 92 78% N 292 17 275 94%, 
A 104 30 74 71% A 51 19 32 63% 
A 144 40 104 712% 
1954 A 247 11 236 95% 
1955 A 203 42 161 79% 
A 98 17 81 82% A 66 0 66 100% 
A 86 9 77 89% A 137 2 135 98% 
hurtert X couchi hurteri Q X hurteri 
1952 N 2 2 0 0% N (sight estimated 70-95%) 
N 0 0% 
1953 A 2 x 2 0% 
A 0 0% 
N 0 0% 
A 2 20 0 0% A 43 13 26 60°, 
A 2% 2 0 0% A 43 0 43 100% 


* Counts were made approximately 30 to 48 hours after fertilization. Anomalous larvae are 
included in counts under the “‘Developed’”’ column. The symbol ~ represents 2,000 or more eggs; 
N—natural (amplecting pair) cross; A—artificial (sperm suspension) cross. 


interbreed. This latter locality will be furnish an adequate picture. However, 


referred to as the Golf Course in subse- 
quent paragraphs. The 1952 experiment 
involved coucht from Round Rock, in 
Williamson County a locality approxi- 
mately 11 miles north of Austin on U. S. 
Highway 81. The hurtert parent was 
collected from the Golf Course in Austin. 
The 1954 experiment was made with a 
hurtert from Elgin, Bastrop County, and 
a coucht from Throckmorton, in Throck- 
morton County. Remaining experiments 
were accomplished with hurtert males 
from Elgin, and coucht females from 
Manor, in Travis County. 

Inviability: Results of the entire series 
of experiments are summarized in Table 1. 
Although counts were not made in 1952, 
a portion of a cluster of zygotes and em- 
bryos was preserved approximately 30 
hours following fertilization. | These 


counts were included even though it is 
recognized that they are too small to 


examination of the entire clutch on the 
second day after fertilization seemed to 
indicate that only slightly more than half 
had developed to the tailfin stage. At 
least 10% of these were anomalous in 
some way. A bent or curved tail was the 
most common of these. Practically all 
individuals showing these early anomalies 
failed to survive. Furthermore, approxi- 
mately 5-10% of the surviving individuals 
exhibited anomalies later in the larval de- 
velopment. However, later work indi- 
cated that most of the later-stage (feed- 
ing) and at least a part of the early 
anomalies are due to low temperatures. 
The mean viability in all subsequent ex- 
periments was approximately 80%. But 
this figure includes all anomalies as well 
as normal larvae which reached the tail- 
bud stage. The number of anomalous and 
normal individuals of all the experiments 
of the cross are shown in Table 2. From 
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TABLE 2. Comparisons of the numbers of anomalous to normal larvae 


Controls Cross 


couchi 2 X couchi 


hurtert Q X hurtert couchit Q X hurtert 


Anoma- Anoma- Anoma- 
Year lous Normal lous Normal lous Normal 
1952 0 1000 12 1690 150 465 
1953 0 1000 56 219 18 188 
1954 0 89 — os 23 213 
1955 0 103 3 203 51 244 
2192 71 2112 242 1110 


Total 0 


the total figures a ratio of 242 anomalies 
to 1,110 normal larvae in the tailbud stage 
is obtained, roughly 18% anomalous. 
Since practically every one of these early 
anomalies fails to reach the feeding stage, 
the effective mean viability is consider- 
ably lower (approximately 62% ) for this 
cross under optimal conditions in the 
laboratory. 

In 1954 a 40 watt bulb in an ordinary 
desk lamp was placed approximately an 
inch and a half over a pan containing 30 
larvae of the couchi 9? X hurtert J cross 
and kept burning approximately 12 hours 
each day. Another pan with the same 
number of the same cross was allowed to 
remain at room temperatures at all times. 

A marked increase was observed in the 
rate of development, size, and activity of 
the tadpoles under the lamp over that of 
the tadpoles kept at room temperatures. 
Fertilization of this particular cross was 
on May 11, 1954; on May 16 the 
tadpoles exposed to heat from the 
lamp had visible hind limb buds. Those 
kept at room temperatures did _ not. 
This was also noted by W. F. Blair 
(1949) in hurtert. On May 20, some of 
the tadpoles exposed to heat had fore- 
limbs, while none of the individuals kept 
at room temperatures had forelimbs. Ap- 
proximately 10 days had elapsed between 
fertilization and metamorphosis for tad- 
poles kept at higher than room tempera- 
tures. One water temperature reading, 
taken at 12:45 a.m. of May 21, 1954, was 
92° F. under the lamp, and 83° F. at 
room temperature. 


This experiment was repeated in 1955, 
with tadpoles of couchi receiving the same 
treatment as the hybrids. Two pans each 
of hybrid and control were kept at room 
temperatures, and two pans each were 
kept under a 40 watt lamp for 12 hours 
each day from fertilization until meta- 
morphosis. Thirty larvae were placed in 
each pan 20 hours after fertilization. The 
number of larvae was greater prior to 
this time. Each pan had the same amount 
and type of water plant; and each pan re- 
ceived a portion of food as it was con- 
sumed. Temperatures were recorded at 
least once each day. 

Results of this experiment are sum- 
marized in Table 3. The data show that 
11 hours after fertilization most of the 
animals that had been exposed to heat 
were in the neural plate stage, while most 
of the larvae kept at room temperatures 
were still in the yolk plug stage. At 13 
hours, the heated larvae were in the tail- 
bud stage, while the room temperature 
animals were elongating and undergoing 
neural plate development. 

It is seen that the hybrids exposed to 
lamp heat developed at the fastest rate 
and that the couchi lagged significantly 
behind. However, the couchi exposed to 
heat developed much more rapidly than 
the control coucht. 

What is of even greater significance, 
however, is the fact that hybrids of the 
hurteri-couchi cross show distinct hetero- 
sis in rate of development and size, over 
the control tadpoles whether at room 
temperatures or higher. 
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TABLE 3. Comparison of developmental rate in tadpoles with heat the variable factor * 


Heated Unheated 
(Aver. temp. 82.1° F.) (Aver. temp. 77.5° F.) 
Hybrid Control Hybrid Control 
Age Developmental 
(hrs. ) stage No. % No. % No. % No. % 
Total Egg No. 98 65 86 137 
No. Failed to 
Develop 17. 22% 0 0% 9 10% 2 2% 
11 Yolk Plug 0 0% 0 0% 77 100% 135 100% 
Neural Plate 81 100% 65 100% 0 0% 0 0% 
13 Neural Plate 0 0% 0 0% 77 100% 135 100% 
Tailbud 81 100% 65 100% 0 0% 0 0% 
Total Larvae No.** 60 60 60 60 
Hind Limb 
Buds 60 100% 60 100% 60 100% 11 18% 
248 Hind Limbs 
Reflexed 60 100% 17 28% 3 5% 0 0% 
Forelimbs 
Free 3 5% 0 0% 0 0% 0 0% 
271 12 20% 0 0% 0 0% 0 0% 
277 18 30% 3 5% 0 0% 0 0% 
280 21 35% 7 12% 0 0% 0 0% 
295 Forelimbs 27 45% 8 13% 0 0% 0 0% 
305 Free 36 «©6660 8 13% 4 7% 0 0% 
327 38 9 15% 16 27% 0 0% 
352 44 73% 10 16% 35 58% 3 5% 
398 60 100% 13 22% 39 «=65% 5 8% 


* A lighted 40-watt desk lamp was kept close to one set of hybrid (couchi 9 X hurteri @) and 


control (coucht 9 X coucht @) pans for approximately 12 hours each day. 


trols had the same female parent in common. 


Both hybrids and con- 


** As a result of spreading, anomaly mortalities, and preservation losses, 60 larvae (selected at 


random) were allocated per category. 


Furthermore, it was noted that sub- 
sequent to metamorphosis, hybrids were 
much more active in feeding than either 
control. The former showed more per- 
sistence in taking food. Very often young 
hurteri or couchi spadefoots were observed 
with food partly swallowed, after which 
it was usually disgorged. Hybrids, in 
contrast, were characteristically tenacious 
in holding onto partly swallowed food; 
and they were usually successful in forc- 
ing it down entirely. On the whole, hy- 
brids were more vigorous than either 
parent species under the same laboratory 
conditions. This was best expressed in 


their versatility of tolerating either sandy 


soil or black clay. Young couchi, how- 
ever, usually showed signs of disease when 
raised on sandy soil. 

Morphology of the Hybrid: Mouthparts 
of the hurteri-couchi larvae are more simi- 
lar to couchi than hurteri in number of 
labial rows (most frequently 4/4, and 
4/3) and general shape of mandibles. 
There is some variation, however, and no 
individual hybrid tadpole may be sepa- 
rated from either parent form with any 
certainty. 

Adult hybrids all exhibit the hurtert 
pattern—two bright lines, roughly in the 
shape of an hour-glass. This pattern is 
always most distinct in young animals. 
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With the onset of sexual maturity in males, 
the overall coloration often becomes suf- 
fused with green which tends to obscure 
the pattern. In other instances the pattern 
is broken. Another hurteri characteristic 
is the presence of a horny tubercle on the 
digit nearest the spade. The spade itself 
is somewhat intermediate between the 
spade types of the parental forms, al- 
though perhaps closer to that of couch. 
In practically all other respects the F, is 
very much like couchi. There is almost 
no sign of the Aurteri interorbital boss, 
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with the exception sometimes of a slight 
groove suggesting the posterior limit of 
a boss were it present. General coloration 
is considerably more like the couchi than 
the hurteri parent. 

Although the hybrids have been raised 
with moderate success in sandy soil, they 
appear to fare best in black clay. 

In total aspect, then, the F, resembles 
the couchi more closely than the hurteri 
parent. 

Most of the adult hybrids were pre- 
served in liquid, and the few that were 


Fic. 3. Skulls of parent forms and hybrid in dorsal and lateral aspect. A. 


Scaphiopus holbrooki hurteri. 
Approximately 2. 


B. F, (couchi? X hurteri C. 


S. couchi. 
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skeletonized were rather small specimens, 
were poorly prepared, and may not be 
typical. However, from the material at 
hand, it appears that the fronto-parietal 
bone of the skull is somewhat as in hurteri 
with the exception that the widest part 
is at the posterior end, instead of near the 
mid-region. Figure 3 shows the parent 
skulls in comparison with the hybrid. 
The general impression of the skull bones 
of the F, is an approach to, without quite 
reaching, the couchi type. Thus the bars 
of an incipient ““T’’ shape of the fronto- 
parietal, characteristic of couchi are in- 
complete. 

Fertility of the F,: Five sexually ma- 
ture males were backcrossed to females of 
the parent species. Two males were 
crossed to different hurtert females on 
April 10, 1955. The females were ob- 
tained from a breeding swarm and eggs 
were easily extruded from the oviducts. 
Over 2,300 eggs were placed in sperm sus- 
pensions of both hybrid males. In some 
cases anomalous cleavage very similar to 
that observed in the original cross was 
observed. But no further development 
occurred. A control using a male hurtert 
produced 103 normal larvae out of 153 
eggs, indicating that most of the eggs were 
viable (see Table 4). 

On April 17, 1955, a female couchi 
ovulated after stimulation by pituitary 
injection. Of a total of 300 eggs placed 
in hybrid sperm suspension, only 3 de- 
veloped to the early larval stage and on to 
the hind limb stage. One of these, which 
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appeared sickly, was preserved, but the 
other two metamorphosed. Of the latter, 
one died shortly after metamorphosis ; the 
other seemed healthy and grew to 19.0 
mm snout-vent length by June 3, 1955, 
when it was preserved. The cross was 
repeated on May 13, 1955, using two more 
hybrids. The combined results from this 
experiment were somewhat different from 
earlier ones. As shown in Table 4, of a 
total of 221 eggs, 121 reached a stage be- 
tween numbers 15 and 20 (Rugh, 1948). 
Approximately 86 of these were plainly 
anomalous at this point. Only 6 out of 
the 221 zygotes reached the feeding stage. 
With so few animals per pan, molds flour- 
ished undetected for a time. All 6 died 
after about 3 days of slow growth. Ina 
mold-free medium the tadpoles would 
probably have survived metamorphosis. 
For both of the latter crosses, controls 
established that most of the eggs were 
viable. The control for the April 17 cross 
was male hurtert since no male coucht 
were available. In other words, the con- 
trol was across. But since 161 of a total 
of 203 zygotes developed into larvae, the 
question of egg viability may be dismissed. 
Contained in Table 4 is a summary of the 
crosses of F, males to the parent forms. 
Thus, results of crosses between female 
coucht and male hurtert show that there 
is some decrease in fertility in this com- 
bination, but at least 60% of a clutch may 
be expected to produce viable hybrids. 
Backcrosses of hybrid males to hurtert 
produced no viable zygotes. When these 


Female parent hurtert hurtert coucht coucht 

Male parent Fi(l) Aurteri F,(2) hurteri FiG3)_ hurtert Fi(4 & 5) “couch 
Total Egg No. 300-153 2000 + 153 300 =. 203 221 137 
Developed to Tailbud 0 103 0 103 3. 161 121 135 
Anomalous at Tailbud 0 — 0 0 18 86 3 
Feeding Larvae 103 -- 103 3. 143 6 140 
Survived Metamorphosis 103 103 2 140 0 100 


* Two males were backcrossed to female hurteri, and 3 males were backcrossed to female coucht. 
The results of sets produced by males 4 and 5 were combined. The artificial method was used 
throughout. 


TABLE 4. Results of backcrosses of 5 male hybrids (couchi 9 X hurteri o*) * 
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hybrid males are backcrossed to couchi, 
however, 1% or less viability may be ex- 
pected. Female hybrids were not tested. 


hurteri 2 X couch 


The reciprocal of the first cross was 
made with a total of 8 different pairs. All 
specimens used in the 1952 experiments 
were collected from the Golf Course in 
Austin. The first two hybridizations of 
1953 involved couchi from Round Rock 
and hurteri from the Golf Course. Via- 
bility of the eggs and success of fertiliza- 
tion were not tested when amplecting pairs 
were used. These tests were made, how- 
ever, in experiments utilizing the sperm 
suspension technique (4 experiments in 
1953). Results of all cross pairings were 
uniform in that large numbers of eggs 
were produced, and in each instance but 
one, although early and apparently anom- 
alous cleavage was observed, no zygotes 
reached the neurula stage (Table 1). The 
exception was discovered in the first ex- 
periment in which the sperm suspension 
technique was used. Here, two normal 
larvae resulted out of at least 2,000 zy- 
gotes. These were raised through meta- 
morphosis and for several months there- 
after. Both were indistinguishable from 
young hurtert. It is possible that, at the 
time the cross was made, the instruments 
used to transfer eggs had not been 
thoroughly cleansed and were thus con- 
taminated with hurteri sperm. In any 
case, in the overall total this number is 
quite negligible, and it seems likely that 
when the male parent is couchi and the fe- 
male hurteri only inviable zygotes result. 

The combined results of crosses between 
hurteri and couchi show that viable indi- 
viduals will be produced only when the 
female is couchi and the male is hurteri. 
The reciprocal combination may be ex- 
pected to produce no viable zygotes. The 
F, male will produce no viable zygotes 
when backcrossed to the hurteri parent, 
but 1% or less viability may be expected 
from a backcross to the couchi parent. 


BREAKDOWN OF ISOLATION MECHANISMS 


Two places where natural hybridization 
of hurtert with couchi has occurred are 
known in Texas. Both areas are similar 
in that the habitat has been altered by 
man, and both black clay and sandy soil 
occur together in the vicinity. 

Bryce C. Brown (written and oral com- 
munication, 1955) reports a site in Waco, 
a ditch alongside the right-of-way at Tenth 
and LaSalle Streets in which both species 
and hybrids have been collected. The 
entire area to the south and east of Waco 
is blackland prairie. Some sandy or 
sand-clay soil is brought in from the 
northwest via the Brazos River. It is 
probable that hurteri is linearly distributed 
along this river deposit and reaches Waco 
in this way. That coucht would be com- 
mon elsewhere is to be expected because 
of the black clay soil. 

The locality studied by the writer was 
a golf course located in Austin between 
Red River Street and East Avenue and 
between 41st and 45th Streets. 

According to Harvey Penick, builder 
and owner of the course until 1949, no 
soil was dumped on the area from an out- 
side source during the period of his owner- 
ship. A creek on the eastern end (nearest 
the East Avenue expressway), however, 
had brought in considerable amounts of 
black soil. The central and western part 
of the course has a sandy soil including 
gravel which appears to be a river ter- 
race deposit. After 1949, the course was 
taken over by the city, and became known 
as the “Hancock Recreation Center.” It 
has been managed by Felix George who 
stated that, “some soil has been dumped 
on the greens between Red River and the 
expressway,’ but he does not know the 
source of this soil. 

The sand and gravel companies of Aus- 
tin which use sand and loam for construc- 
tion and fill-in jobs get much of their 
material from the Colorado River de- 
posits. An examination of the course re- 
vealed several mounds which are quite 
sandy (very similar to soil found at Utley 
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TABLE 5. Character index of hurteri and couchi applied to individuals from pure populations 
and to 134 individuals from hybrid swarm 


No. No No. 
with with No. No with 

spines tubercle No. with with mixture 

Total on on 5th with hurters couchs of both 

Species no. dorsum digit boss pattern pattern patterns 
hurteri 204 190 202 204 204 0 0 
couchi 190 0 1 0 0 190 0 


Hybrid Swarm Individuals 


hurteri-like 45 41 
couchi-like 55 0 
Suspected Hybrids 34 0 


45 45 45 0 0 
1 0 0 55 0 
24 17 7 2 18 


or other nearby areas bordering the Colo- 
rado River, but somewhat different from 
the naturally occurring sandy soil). These 
might conceivably have been the source 
of hurteri, since I have dug individuals of 
the latter out of sandy soil with a spade 
on two occasions. But it is also possible 
that this species was native to the area 
before the building of the course. As 
coucht does occur in and around the City, 
it is probably a natural occupant of the 
area. There can be no doubt that the 
original habitat and topography have been 
altered in the building of the links. 


Morphological Analysis of Hybrid Swarm 


Observations and collections were made 
on the Golf Course during the period be- 
tween 1952 and 1954. The total of 134 
individuals collected comprise not only 
both parental types, but suspected hy- 
brids and possible backcrosses as _ well. 
These have been analyzed and compared 
with specimens from other localities for 
the presence or absence of characters 
deemed to be almost or wholly diagnostic 
for one or the other species. 

S. hurteri is characterized by the pres- 
ence of a bony boss (raised interorbital 
region ), a horny tubercle on the fifth digit 
of the hind leg, a number of minute horny 
spines on the dorsum, and an hourglass- 
like pattern. On the other hand, couchi 
lacks boss, tubercle and spines, has a typi- 
cally marbled, never hourglass-like, pat- 
tern. This is shown in Table 5 in which 


204 hurteri, and 190 couchi from various 
localities in Texas (excluding the Golf 
Course) were examined for the above- 
mentioned characteristics. All but 16 in- 
dividuals of the total 394 hurteri and 
couchit examined exhibited only those 
characters typical for one or the other 
species. Of the hurtert, 14 were lacking 
in spines, two others lacked the fifth digit 
tubercle. All showed the hurtert 
pattern and boss; and all couchi showed 
the coucht pattern and lack of boss, in ad- 
dition to a lack of spines on the dorsum. 

When the same set of characters is used 
as an index on the Golf Course individuals 
(Table 5) it is immediately apparent that 
some individuals embody characters diag- 
nostic of both species. Individuals are 
suspected of having a hybrid or recom- 
bination genotype when they exhibit the 
following characterisics in combination: 
tubercle on the fifth digit, the pattern a 
mixture of both the Aurteri hourglass and 
couchi marbling, and the boss reduced or 
lacking. Thus, in 34 suspected hybrid 
individuals 24 had a fifth digit tubercle, 
18 exhibited a mixture of patterns, and 17 
had a boss in varying degrees of elevation 
(Table 5). 

The boss character is quite distinctive 
but elevation is not easily measured. 
However, there appears to be a close 
correlation between the height of the boss 
and the width of the fronto-parietal bone, 
which is easily measured. That is, the 
height of the boss is inversely proportional 
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Fic. 4. Scatter diagram of individuals from various localities in 
Texas excluding the Golf Course site (hybrid swarm) in Austin. 
Solid dots represent 204 individuals of Scaphiopus holbrooki hurtert. 
Clear circles represent 85 individuals of S. couchi. 


to the width of the fronto-parietal. In 
hurteri the width of the boss corresponds 
precisely to the width of the fronto-pari- 
etal. In those individuals in which a boss 
is lacking, removal of skin and tissue in 
the posterior region of the skull was nec- 
essary to permit fronto-parietal measure- 
ment. 

If fronto-parietal measurements are 
plotted horizontally and snout-vent meas- 
urements vertically using “pure” (i.e., 
from various localities other than the Golf 
Course) individuals we obtain a scatter 
diagram (Fig. 4) which widely separates 
the two species. This diagram repre- 
sents measurements in 85 couchi and 204 
hurteri. It may readily be seen that hur- 
tert has a relatively narrow range of varia- 
tion of width of fronto-parietal, between 
4.9 and 9.4 mm. This latter is directly 
proportional to the snout-vent measure- 
ment, which varies between 40.0 and 


70.0 mm, and is concentrated most 
heavily between 50.0 and 65.0 mm. In 
couchi, however, there is a wider range of 
variation (between 8.7 and 15.3 mm) of 
fronto-parietal width than in hurtert. 
Snout-vent measurements are between 
45.0 and 81.0 mm with greatest concen- 
tration between 45.0 and 75.0 mm. It is 
evident that there is no overlap between 
hurteri and couchi when a combination of 
these characters is used. When Golf 
Course individuals are treated in the same 
way, however, a somewhat different 
scatter diagram is obtained. This is 
shown in Figure 5, in which 134 individu- 
als are plotted. Here, there is no clear 
separation into two groups as in Figure 4, 
but rather a gradation of fronto-parietal 
width from one extreme to the other. 
Introgression is indicated by the indi- 
viduals falling midway between the two 
extremes as well as by the suspected hy- 
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Fic. 5. Scatter diagram of individuals collected from Golf Course 
site (introgressively hybridizing population) in Austin. Solid dots 
represent 45 hurteri-like individuals; clear circles represent 55 coucht- 
like individuals, and circles containing crosses represent suspected 


hybrids or recombination products. 


brid individuals falling into the hurteri 
and couchi extremes. It is also apparent 
that the Golf Course individuals exhibit 
a size heterosis, since the group as a 
whole range between 52.0 and 82.0 mm 
in snout-vent, with greatest concentration 
between 65.0 and 75.0 mm. 

Less successful as a demonstration of 
hybridization is the character of spade 
ratio (obtained by dividing the width by 
the length of the spade). Again, using 
pure individuals and plotting spade ratio 
horizontally and snout-vent vertically we 
note very little overlap between hurteri 
and couchi (Fig.6). In this couchi dem- 
onstrates a relatively narrow range of 
variation (between 1.2 and 2.5 mm), 
while hurteri has a wider range (between 
2.3 and 5.7 mm) in the character of spade 
ratio. When the Golf Course individuals 


are plotted in this way (Fig. 7), however, 
it is seen that, essentially, there is separa- 
tion into two groups, the suspected hy- 
brids, for the most part, falling well within 
one extreme or the other. But it will be 
noted that most of the suspected hybrids 
fall into the hurteri group. This would 
indicate that the hurteri spade type is 
dominant in hybrid individuals. 

From the above, it is evident that hy- 
brids do occur on the Golf Course, and 
some appear to be recombination products. 


Cross Breeding Tests 


Interbreeding, or natural interspecific 
clasping was observed on the Golf Course 
on several occasions, and frequently the 
pairs were transferred to the laboratory 
and allowed to complete their breeding. 

Several of these crosses were made 
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Fic. 6. Scatter diagram of individuals from various localities 
in Texas excluding the Golf Course site (hybrid swarm) in Austin. 
Solid dots represent 204 individuals of Scaphiopus holbrooki hur- 


tert. 


following a heavy rain on May 2, 1952. 
In some cases the members of a pair were 
separated and given other mates, prior to 
ovulation; in other cases they were un- 
interrupted except for transfer to the 
laboratory. All of the following crosses 
were allowed to develop at room tem- 
peratures. 
Cross A 

Both individuals of this cross showed 
the well-developed black excrescences, 
which are male secondary sex character- 
istics, on the forelimb digits. The active 
(clasping ) male had a strong boss, slender 
(short) spade, spade tubercle, and hour- 
glass pattern, all of which are character- 
istic of hurtert. The active female (the 
animal that produced eggs) had no boss. 
There was, however, a slight indentation 
marking the posterior limit of the region 
that would correspond to a boss. The 
spade was more couchi- than hurtert-like 


Clear circles represent 85 individuals of S. couchi. 


as was the coloration and pattern before 
preservation. Dissection of the internal 
organs revealed well-formed testes, well- 
developed oviducts and ovaries. 

The pair produced a considerable num- 
ber of eggs, more than 1,000, at least. 
Approximately 80% of the total showed 
evidence of anomalous cleavage and 
ceased development prior to the tailbud 
stage (Rugh, 1948). Approximately 
15% reached the larval stage, showed pro- 
nounced anomalies and died. Anomalies 
included cleft (constricted acutely in mid- 
region) larvae, tail curvatures, inflated 
yolk sacs, and failure to develop either tail, 
internal organs, head or a combination of 
these. The remaining 5% or less reached 
the feeding stage. All but 5 tadpoles ex- 
hibited some anomaly or other, typically 
a curved or kinked tail. 

After metamorphosis leg anomalies 
were most common, and some individuals 
had but one eve. Of approximately 1,000 
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Fic. 7. Scatter diagram of individuals collected from Golf Course 


site (introgressively hybridizing population) in Austin. 


Solid dots 


represent 45 hAurteri-like individuals; clear circles represent 55 
couchi-like individuals, and circles containing crosses represent sus- 
pected hybrids or recombination products. 


eggs only 25 survived metamorphosis. 
All of these were lost within two months, 
presumably as a result of faulty technique. 


Cross B 


The male parent of this cross was en- 
tirely hurteri-like, but the female was evi- 
dently neither pure fAurteri nor couchi 
but seemed more couchi-like than hurtert- 
like. The latter compared closely with 
laboratory raised hybrids, but it may have 
been a recombination product. 

In the resulting offspring there was a 
higher initial mortality rate in the pre- 
larval stages than in Cross A above. 
There was also a much higher frequency 
of anomalies than in Cross A. Three 
days after fertilization, an estimated 10% 
remained alive. Perhaps 2% or slightly 
more survived 9 days after hatching, of 
which most individuals had some pro- 
nounced anomaly, commonly a tail kink 


or curvature. All or most of these indi- 
viduals demonstrated what appeared to be 
size heterosis. The 5 largest individuals 
were the only apparently normal ones. 
The largest of these measured 44 mm 
from snout to tail tip 12 days after hatch- 
ing. The second largest was 39 mm. 
Both had hind limbs. The largest tad- 
pole resulting from any of the hurteri- 
coucht crosses was 30 mm at a corre- 
sponding stage. 

Only 16. survived metamorphosis. 
Again, faulty technique is believed to be 
the cause of death of all but one of these. 
For convenience, this latter individual 
will be referred to as male “X.” This 
was an extremely vigorous individual, 
which measured 31 mm at the time it was 
placed in an outdoor cage for the winter. 
A year later it measured 47.5 mm snout- 
vent length. It was a bright green, and 
had the secondary sex character of males. 
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There was a slight boss, and in all other 
characters the animal resembled /urtert 
closely. 

On the morning of April 10, 1954, some 
breeding hurteri were collected near Bas- 
trop, Texas. Male “X” was allowed to 
clasp a female hurteri that had not ovu- 
lated. Clasping was immediate even 
though the male had not been out of the 
laboratory for some time. Eggs were 
produced within 5 minutes. Fertilization 
occurred about 2:00 a.m. on April 10. 
Of the entire clutch 475 zygotes were re- 
moved at random for observation. Of 
this number 23 failed to develop. This 
is an initial mortality rate of a little less 
than 5%. The same figure was obtained 
for the hurtert control. Very few ano- 
malies appeared in subsequent develop- 
mental stages. Although some tadpoles 
were lost, similar losses occurred in the 
control, and this is attributed to tech- 
nique. Thirteen days after hatching, the 
tadpoles metamorphosed. At this point 
all but a few were preserved. On June 4, 
all but one was preserved. The remaining 
individual was raised until May, 1955 at 
which time it measured 34 mm snout- 
vent. At the time it was seen to be 
strongly hurteri-like in every respect. 

On May 12, 1955 male “X” was again 
crossed (artificially) to a couchi obtained 
from Manor. No significant difference 
in mortality and inviability was observed 
in comparison with the couchi control. 
No anomaly was noted until 5 days after 
hatching. This appeared to be a pigment 
anomaly and occurred in a very low fre- 
quency, approximately 7 or 8 in 200 indi- 
viduals. Anomalous individuals had ex- 
tremely pale coloration, and a light tail 
with a black tip, but were otherwise 
normal. 

If the original female parent of male 
“X” were pure or nearly pure couchi, we 
should expect an F, to resemble couchi 
more closely than hurtert, on the basis of 
the hurteri-couchi crosses. We should fur- 
ther expect an F, male resulting from the 
former combination to have less than 1% 
fertility on the basis of 5 backcrosses of 
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hurteri-couchi hybrid males. But male 
“X” was extremely hurteri-like and dem- 
onstrated high fertility with either species. 
This is strong indication that the female 
parent of male “X” was either a first gen- 
eration hybrid or recombination product 
itself. As stated earlier, the female com- 
pared closely with laboratory raised hur- 
teri-couchi hybrids. If this individual 
were in fact an F,, it would appear that 
female hybrids of this cross combination 
are more fertile than males. This theory 
is supported by data from holbrooki- 
couchi backcrosses (Wasserman, in manu- 
script), in which case viable offspring, 
although few in number, were produced 
by the female but not the male hybrid. 
But again, this is far from being conclu- 
sive, as neither male nor female was back- 
crossed to both parent species. However, 
considerable evidence from other animal 
groups, notably Drosophila, consistently 
demonstrate a much higher fertility in fe- 
male rather than male hybrids ( Patter- 
son and Stone, 1952). 

Backcrosses of male “X” suggest fur- 
ther that, although there is low fertility 
in the F,, at least a few individuals of 
succeeding generations may be expected 
to demonstrate considerable increase in 
fertility and decrease in anomaly rate of 
their offspring in the hAurteri-couch 
crosses. 


Cross C 


Both parent individuals of this cross ex- 
hibited combinations of characters of both 
species. In both animals a boss was pres- 
ent but greatly reduced. The spade was 
shorter than the couchi type but notice- 
ably longer than the hurteri type. Neither 
animal resembled laboratory raised hy- 
brids because of the presence of a boss, 
and both showed only minor evidence of 
coucht patterning, which is qutte distinct 
in the laboratory raised F,s. Thus, 
neither appeared to be either pure hurteri 
nor pure couchi nor F,. Many eggs were 
produced, but there was no perceivable 
development. 
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Cross D 


This cross was made on May 27, 1952, 
after some breeding activity on the Golf 
Course. Again, in this cross both indi- 
viduals were neither in one category nor in 
the other. However, the female was 
slightly more couchi-like than the indi- 
viduals in Cross C. The male was solid 
pea green and had an outlined but unele- 
vated boss region. The fifth hind digit 
was capped with a tubercle always found 
in hurteri, but the spade was longer than 
the hurteri spade. 

Of the large clutch produced, 150 were 
set aside for observation. Of this num- 
ber only 4 individuals reached the free 
swimming stage or young tadpole. Pro- 
nounced anomalies occurred in very high 
frequency, and all were dead 3 days after 
hatching. 


Cross E 


On June 6, 1952 a few breeding pairs 
were found on the Golf Course following 
rains. Two crosses were made with the 
individuals found. The first of these is 
described here, and the second under 
Cross F. In the former cross, a male 
suspected of being a recombination prod- 
uct was paired with a female strongly 
couchi-like. The male was couchi-like in 
most respects except for a slightly raised 
interorbital region. Many clusters of 
zygotes were produced and 234 were set 
aside for observation. Prelarval mortality 
was as high as 68%. Of the individuals 
that reached the swimming stage 75% 
were anomalous. The individuals that 
metamorphosed resembled young couchi. 
Less than 30 remained of the entire clutch 
and these were all lost, presumably as a 
result of faulty technique. 


Cross F 


The second cross involved a female 
which exhibited strong couch characters, 
and a male suspected of being either a 
recombination product or an F,. Many 
eggs were produced but no development 
was detected. 
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Controls 


When both members of a pair ex- 
hibited strong /urteri characters, hatch 
and viability of offspring produced by 
them were identical to that of hurtert con- 
trols from other localities. In the case of 
couciu, although many embryos resulted 
from a given number of eggs, there was 
usually a high anomaly rate. This is be- 
lieved to be a result of lower than normal 
temperatures, at least in part, rather than 
intrinsic incompatibility. 

In summary, the combined results of 
crosses between “pure” individuals col- 
lected from the Golf Course agree with 
results of crosses between individuals 
from other localities. That is, crosses 
between hurteri or hurteri-like males and 
couchi or couchi-like females could be ex- 
pected to result in viable offspring. The 
reciprocal could be expected to yield no 
viable offspring. In addition, suspected 
hybrid individuals exhibited marked de- 
crease in fertility, and in certain combina- 
tions, total sterility. Suspected recom- 
bination products, on the other hand, ap- 
peared to possess a relatively high fertility. 


DISCUSSION 


The data presented in the foregoing ac- 
count clearly demonstrate that the sym- 
patric species hurteri and couchi are pre- 
vented from interbreeding in nature by 
a combination of isolation mechanisms. 

Although hurteri and couchi are geo- 
graphically sympatric over a wide area 
of their ranges, they are apparently able 
to maintain their distinctness in undis- 
turbed or natural areas. 

In the region of geographic overlap in 
Texas, the factor of soil specificity has 
attained considerable importance as an 
isolation mechanism. In Texas and Lou- 
isiana hurteri is certainly restricted, so 
far as is known, to sandy or sand-clay 
soils, although the situation is apparently 
different in some parts of Oklahoma (A. 
P. Blair, written communication). The 
specificity of couchi to black clayey soils 
is not as sharply defined as is that of 
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hurteri to sandy soils. However, the situ- 
ation obtains with few exceptions. West- 
ward from the zone of overlap, couchi ap- 
parently loses this specificity rapidly and 
avails itself of any fairly friable soil. 
Thus, couchi and hurteri may be regarded 
as geographically sympatric, but ecologi- 
cally isolated in those areas in which they 
are potentially in competition. 

Failing isolation by soil type (in dis- 
turbed or altered areas) partial genetic 
incompatibility becomes important. Vi- 
able hybrids are possible only if the male 
parent is hurtert and the female couchi. 
We may expect the reciprocal to result 
only in inviable zygotes. From the labo- 
ratory data, we may also predict that males 
arising from the former cross would suf- 
fer an extremely sharp decrease in fer- 
tility. Data from holbrooki-couchi and 
Golf Course individual backcrosses sug- 
gest that there might be a higher fertility 
in the hurteri-couchi female, than in the 
male hybrid. 

Finally, the data also indicate that there 
is a partial seasonal isolation in operation. 

Difference in call has been suggested 
(W. F. Blair, 1955) as a factor of prime 
importance in other anurans; here it is 
believed to be of relatively minor signifi- 
cance. It is believed that soil preference, 
in most instances, serves to prevent breed- 
ing swarms of the separate species from 
being situated close enough together to 
attract members of the ‘““wrong”’ species. 

When an area containing both species 
and both soil types has been altered or 
disturbed, interbreeding between the two 
species is possible. This has been estab- 
lished by considerable evidence from nu- 
merous plant (Anderson, 1949) and some 
animal studies. Once this initial inter- 
breeding has occurred, gene exchange will 
occur if genetic incompatibility is not ab- 
solute. This phenomenon of introgressive 
hybridization as a result of an altered en- 
vironment is confirmed by evidence from 
the Waco population and the Golf Course 
population in Austin. 

Thus, an exchange of genes between the 
two species, hurteri and couchi, may be 


achieved through a breakdown, first, in 
ecological isolation, and second, in re- 
productive isolation. 

Once isolation by soil type has been 
weakened or eliminated, gene exchange 
betweeen the two forms still hinges upon 
a series of narrow pathways. It is neces- 
sary that a male hurtert clasp a female 
coucht if any viable offspring are to re- 
sult. The reciprocal results in a complete 
wastage of gametes. Next, a male F, will 
probably produce no offspring should it 
clasp a female hurteri, but may produce a 
few viable individuals in combination with 
a female couchi. With the production of 
second and third generation individuals 
fertility apparently increases sharply al- 
lowing relatively free gene exchange. 


SUMMARY 


This project was undertaken to deter- 
mine the ecological and genetic relation- 
ship between sympatric populations of 
Scaphiopus couchi and S. holbrooki hur- 
tert. 

Available evidence from field studies 
and laboratory experiments indicates that 
soil specificity is an important isolation 
mechanism operative between these sym- 
patric species in central Texas. This 
mechanism is subject to breakdown when 
an area containing both species and sandy 
and black clay soils is ecologically altered 
or disturbed by man. Also of major im- 
portance is the factor of genetic incom- 
patibility. But the latter is incomplete, 
and continued interbreeding results in de- 
creasing sterility in surviving later gen- 
eration individuals, with introgressive hy- 
bridization as the ultimate result. 
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A considerable number of birds nest in 
holes of some kind. If we restrict our- 
selves to Passerine species only, we ar- 
rive at the following figures for the per- 
centages of hole-nesters (table 1). The 
essential thing is not so much the number 
of species as the number of pairs. As 
there are fairly good estimations of the 
numbers of land birds nesting in Finland 
(Merikallio), I have included the per- 
centages in question. 

Both in Palearctic and Nearctic woods 
the numbers of hole-nesters are quite 
large, if we take into consideration that 
suitable nesting-holes are far from abun- 
dant. The premium on nesting in holes 
was first studied by Mrs. Nice in her 
classical work on the Song-Sparrow. In 
a number of hole-nesting species she found 
about 65% of the eggs resulting in fledg- 
lings, whereas the corresponding value 
for open nesters was only 43%. This dif- 
ference has since been confirmed by large 
bodies of data. 

The drawback is the severe inter- and 
intraspecific competition for nesting-holes. 
It is easy to demonstrate that there are 
too few natural tree-holes for the demands 
of the hole-nesting birds. 

(1) In the beginning of my Pied Fly- 
catcher investigation (v. Haartman, 1949) 
after catching the males I used to bring 
them home to ring them. This repeatedly 
allowed other males to take over the ter- 
ritory during the short absence of its 
former owner. Thus, at one nest-box 
six males succeeded each other within a 
few days. 

(2) By putting up nest-boxes one is 
usually able to increase enormously the 
number of hole-nesting birds. This has 
been proved in many study-areas in Fin- 
land, Germany, Holland, and England (cf. 
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for instance v. Haartman, 1956; Creutz, 
Campbell). Before nest-boxes were put 
up in my study area in S.W. Finland 
there were hardly 10 pairs of Pied Fly- 
catchers. Now there are about 70, and I 
am sure the population can still be in- 
creased. An even more drastic increase 
was brought about by Pfeifer in a small 
protected area in Germany. A corre- 
sponding population increase was found 
in the Tits. 


TABLE 1. Number of species 


Eastern 

North No. of 

America Palearctic pairs in 

Nest (223) (279) Finland 
Open 72% 61% 54% 
Domed 6% 11% 23% 
Niches 4% 4% 7% 
Holes 17% 24% 16% 


Such population statistics raise the ques- 
tion of whether the classical theory about 
food as the ultimate cause limiting popu- 
lation density is not overdone. In the 
case of the hole-nesters it seems obvious 
that the number of holes, and not the’ 
amount of food, mostly acts as an ecologi- 
cal limiting factor, determining the maxi- 
mum number of nesting pairs. Unfortu- 
nately, we know very little about matters 
in woodlands uninfluenced by man. 

(3) The interspecific competition is 
very strong, too. In Northern Europe the 
Great Tit and the Pied Flycatcher are the 
main competitors for the nest-boxes. The 
struggles not infrequently end in the death 
of the weaker Flycatcher. In my study 
area more Flycatchers were probably 
killed during nesting time by Great Tits 
than by birds of prey. A very unfair 
fighting method is adopted by the Wry- 


339 


— 


a 


340 LARS VON HAARTMAN 


neck (/ynx torquilla). lf a hole is al- 
ready occupied by another bird, the Wry- 
neck simply empties out the nesting ma- 
terial and eggs. One pair can in this way 
destroy a considerable number of Pied 
Flycatcher’s nests, without ultimately 
choosing any of them as a nesting site. 
Next to man, the Wryneck is the worst 
destroyer of Pied Flycatcher’s nests (v. 
Haartman, 1951). 


TERRITORIAL BEHAVIOUR 


Both these facts, the safety of the nests 
and the severe competion for the nesting 
sites, have caused the evolution of a num- 
ber of adaptations in the behaviour and 
biology of the hole-nesting birds. 

Competition for nest-holes instead of 
food leads to certain characteristics in 
their territorial behavior. In most open 
nesters the male seems to defend an area, 
the encounters taking place along its 
borders. In the Pied Flycatcher (v. 
Haartman, 1956) the fights are concen- 
trated at the very center of the territory, 
around the nesting-hole. The Pied Fly- 
catcher’s home is his castle. The same 
may be said of many other hole-nesters, 
e.g. the Starling (Schutz, and others), the 
Jackdaw, Corvus monedula (Lorenz, 
1931), and the English Sparrow ( Daanje). 

In the Chaffinch (Fringilla coelebs), 
which finds a suitable nesting place in 
every tree, the male first occupies a ter- 
ritory, the nesting-site being chosen after- 
wards by the female. In the Pied Fly- 
catcher, the choice of territory occurs in 
quite a different way. Only if the male 
finds a satisfactory hole, does he begin to 
sing and display other territorial behavior. 
In choosing a territory, the terrain in 
which the hole is situated is of relatively 
slight importance. A suitable hole seems 
to be the most important key stimulus in- 
ducing the male Pied Flycatcher or Great 
Tit to choose a territory. This is easy to 
understand: nothing guarantees that a 
certain forest area, which offers plenty of 
food, also offers a nesting-hole, whereas 
the reverse is more likely to hold true. 

An analogous reaction is found in some 


territorial fishes. Species with a very 
specialized nesting site (e.g. Gobius mi- 
crops) choose the nesting-site first and 
then show territorial behavior (Nyman), 
whereas less specialized species (e.g. 
Gasterosteus aculeatus) choose the terri- 
tory first and then the nesting-site (Tin- 
bergen). 


CouRTSHIP 


The courtship of the Pied Flycatcher 
(v. Haartman and Lohrl, v. Haartman, 
1956, etc.) is in many respects typical of 
the hole-nesting Passerines. If a female 
approaches the nest of an unpaired male, 
he flies to the nest entrance, singing an 
excited song. If the female follows him, 
he jumps in. The female usually stays 
outside. Only when the performance has 
been repeated often enough, does she dare 
to follow him into the inside of the nest- 
hole. This behavior evidently functions 
as an advertisement: good-looking bache- 
lor with own apartment wants a mate. 
This type of courtship necessitates that 
the male has only a small territory, as he 
must always be at hand near to the nest- 
hole, not only to drive other males off, but 
also to demonstrate it to the female. 

In the Collared Flycatcher (Musctcapa 
albicollis), a very close relative of the 
Pied Flycatcher, the male has a similar 
nest-demonstration (Lohrl). Even the 
excited song is the same, in spite of the 
normal territorial song being quite dif- 
ferent. Also, the male Red-breasted Fly- 
catcher, Muscicapa parva, seems to have 
a comparatively similar display (Michel). 
The behavior is evidently homologous in 
these species. 

But even in a number of other hole- 
nesters which are not related to the Fly- 
catchers, the male demonstrates the nest- 
ing-hole to the female in a rather similar 
way. This is a fairly good example of 
analogy or convergence, though from a 
field where it is less well known than in 
morphology or physiology. 

The male Redstart (Phoenicurus 
phoenicurus) demonstrates the nest-hole, 
showing alternately the red color of his 
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back and the conspicuous coloring of his 
head and throat. The white spot on the 
male’s front somewhat resembles that of 
the Pied and Collared Flycatchers. Its 
function may be the same, to enhance the 
visual effect of the male’s sitting in the 
nest-entrance with the head turned to- 
wards the female (Buxton). 

The male Great Tit demonstrates the 
nest-hole by sitting in the entrance, and 
picking at its lower border (Hinde). In 
the Starling (Wallraff), the English 
Sparrow (Daanje), and even in owls 
(Kuhk), nest-demonstrations are known. 
The male Starling sings a special ex- 
cited song when showing the nesting-hole. 
So, also, does the male Wren (Troglo- 
dytes troglodytes), which builds a domed 
nest before the arrival of the female, and 
shows it by creeping into it (Kluijver, 
Armstrong ). 

The Spotted Flycatcher (Musctcapa 
striata) nests in niches. Evidently there 
is no surplus of these, either. The male 
demonstrates ownership of a niche to the 
female by sitting in the niche and moving 
his tail up and down, raising his crest, 
and singing a very unmusical song (v. 
Haartman, 1949). However, not only 
niches, which might do as presumptive 
nurseries, are demonstrated, but also 
quite unsuitable places, such as narrow 
branches etc. Nest-demonstration has in 
these cases lost its original significance 
of showing a nesting-place. It has be- 
come a symbolic action, only serving to 
ensure pair-formation. The same may, 
to a certain extent, be said of the nest- 
demonstration in the Jackdaw (Lorenz, 
1931). 

Again, we find a number of analogies 
among fishes. The males of Gasterosteus 
aculeatus and pungitius (Tinbergen, Mor- 
ris) on the one hand, and the male Gobius 
microps (Nyman) on the other, have a 
highly analogous way of guiding the fe- 
male to the nest-entrance and of stimu- 
lating her to enter the nest. 

The nest-demonstration in many of 
these hole-nesting species has probably 
developed phylogenetically from displace- 
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ment nest-building, released in the male 
by the female. 


Potycamy, Hisstnc Notes, RELEASING 
OF THE GAPING REACTION IN 
THE YOUNG 


Male polygamy has been observed in 
numerous birds. In European Passerines, 
polygamy has been reported in at least 32 
species (v. Haartman 1954, etc.). More 
than half of these, i.e. 18, nest in holes or 
niches, or have domed nests. Kluijver 
has pointed out that safe nests are an im- 
portant prerequisite for the evolution of 
polygamous behavior, as the females have 
to care for the broods more or less un- 
aided. This is plausible, though it should 
be noted that the biology of open-nesting 
species may be, on the whole, less well 
known. 

Sibley has pointed out that the young 
and the incubating adults of many differ- 
ent species of hole-nesters give a hissing, 
snakelike note when disturbed. Examples 
are the Wryneck, many Tit species, and 
the young of Phylloscopus sibilatrix. 

The gaping reaction of the hungry 
young in a number of hole-nesters is re- 
leased by darkening of the nest (cf. e.g. 
Lorenz, 1935, and v. Haartman, 1953). 
Experiments have shown (v. Haartman, 
unpubl.) that this reaction is innate in the 
Pied Flycatcher. 


Ecc Cotor 


Morphological characters which are not 
used tend to disappear during evolution. 
This is probably due to the fact that most 
mutations have a negative effect, causing 
the disappearance of something (Hux- 
ley), and secondly to the fact that charac- 
ters which are not used tend to be harm- 
ful. 

A well known example is atftorded by 
the egg color. In open-nesting species it 
is mostly cryptic, in hole-nesters* often 


1In the following, the term “hole-nesters” 
refers to all birds whose nests are not open, 
including species building domed nests or using 
niches of some kind. 
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nesters. 


unspotted, white or slightly bluish. It is 
not certain whether the white color has 
to be looked upon merely as a disappear- 
ance of unnecessary color, or if it has a 
positive selection value, enabling the in- 
cubating bird to see its eggs more easily. 

This rule of egg color has, however, a 
great many exceptions. Probably only 
oologists have realized how many. These 
exceptions are, in my opinion, mostly re- 
lated with the taxonomic position of the 
species concerned. The habit of breeding 
in holes has not, of course, evolved at the 
same time in all hole-nesters, but is in 
some of them a relatively old, in others 
a relatively new acquisition. It is hardly 
possible to estimate exactly how old it may 
be in the different species. Instead, we 
can use their taxonomic position as a 
measure. 

Firstly, there are species belonging to 
an order consisting principally of birds 
nesting in holes (including niches and 
domed nests). The family-tree of such 
an order may be represented as in figure 
1 A. In the following, I will refer to these 
species as hole-nesters of order rank, or 
primary hole-nesters. 


TABLE 2. Method of classification including cases 
of uncertain nesting habit 


Nesting habit of 
Genus 


Classification as 


Family Species hole-nester of : 
holes holes holes Family rank 
open holes holes Generic rank 
unknown holes holes Generic rank 
open open holes Specific rank 
open unknown holes Specific rank 
unknown open holes Specific rank 


Hypothetical family-trees of hole-nesters of order (A), family (B), 
generic (C), and specific (D) rank. Cf. text. 


= hole-nesters, ——— = open 


Secondly, the order to which the species 
belongs may principally consist of open- 
nesters, its family, however, being hole- 
nesters. A schematic family-tree of such 
hole-nesting species of family rank is seen 
in figure 1 B. 

Thirdly, the hole-nesting species may 
belong to a genus, consisting principally 
of hole-nesters, this genus belonging to a 
family of open-nesters. The family-tree 
of such a hole-nesting species of generic 
rank is shown in figure 1 C. 

The fourth main possibility is that a 
hole-nesting species occurs in a genus of 
principally open-nesters. Such a second- 
ary hole-nester, of specific rank, is likely 
to have a family-tree such as is shown in 
figure 1 D. 

Besides these alternatives, there are a 
number of difficult cases, occurring for in- 
stance when a genus is represented only 
by two species, one of which nests in holes, 
the other not. Table 2 shows how the 
classification was undertaken in ambigu- 
ous cases. 

Now it is quite clear that the primary 
hole-nesters have evolved their nesting 
habit much earlier than the secondary 
hole-nesters. Even the hole-nesters of 
generic rank must, on average, be older 
than hole-nesters of specific rank. On the 
whole, the taxonomic position of the 
hole-nesting species must be in some way 
proportional to the time that has elapsed 
since their ancestors acquired this nesting 
habit. I do not need to stress that this is 
a statistical rule which cannot be applied 
to individual cases. 

As regards the birds, I have not man- 
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TABLE 3. Egg color in North American’ and Palearctic Passerine birds 


Incubation?* Nestling 
Clutch period period 

Nest Rank Eggs unspotted size in days in days 
Hol Order 100% (1103)4 
ci Family 36% (76) 9.2 (40) 13.8 (43) 19.0 (34) 
Pn ed Genus 35% (72) 5.0 (51) 13.8 (21) 14.2 (18) 
Species 20% (23) 4.5 (13) 12.6 (5) 12.3 (4) 
Open All ranks 10% (331) 4.1 (279) 12.9 (114) 12.8 (108) 


? References.—Palearctic Passerines: Lack, Dementiev, and, for a few species, Hartert.—North 
American Passerines: Bent, and for the families Ploceidae, Icteridae, Thraupidae, and Fringillidae: 
Pough, who, however, treats only Eastern and Central North American species, and does not give 
any information as to incubation and nestling times, and numbers of subspecies. 

In calculating clutch size, incubation period, and nestling period, the Corvidae have been 


excluded. 
* Number of species in brackets. 


aged to obtain data regarding the absolute 
age of the taxonomic categories. For 
three other Vertebrate classes (Mam- 
malia, Reptilia, and Pisces), Rensch 
(1954) gives the following age estimates: 


orders 65-270 million years 
families 25-80 million years 
genera 15—50 million years 
species 0.1—a few million years 


Thus, orders are much older than fami- 
lies, and genera much older than species, 
the difference between families and gen- 
era being relatively less. 

Table 3 demonstrates the egg color in 
the North American and Palearctic Pas- 
serine birds. Moreover, it includes the 
4 orders (Psittaci, Trogones, Coractidae, 
Pict) which consist of hole-nesters. 

The values in table 3 convincingly show 
that systematic status is as important a 
factor in determining the egg color as way 
of life. Secondary hole-nesters mostly 
have spotted eggs, primary ones always 
unspotted eggs. The hole-nesters of fam- 
ily and generic rank have an intermediate 
position, being closer to secondary hole- 
nesters. 

Two facts may help to explain this 
rule. Firstly, the hole-nesters of lower 
rank may be satisfied with less safe nest- 
sites. Relatively large numbers of them 
use domed nests, niches, or holes with a 


wide entrance. It is impossible exactly 
to measure the influence of this factor, 
as the safety of the nests of the different 
species is known only in very few cases. 

Another possibility is that the evolution 
of egg color requires a certain time. The 
advantage (or the mutation pressure) of 
the eggs being unspotted may be so small 
that reduction of egg color takes a very 
long time. Certainly, this factor is of 
importance in a great many cases. The 
Tits, for example, are very well adapted 
hole-nesters, using only fairly safe nesting- 
holes. In spite of this, their eggs are 
slightly spotted. I think these spots have 
to be looked upon as an insignificant rudi- 
ment, comparable with the vermiform ap- 
pendix in man. 

The opposite case, secondarily open- 
nesting species with white eggs, also oc- 
curs. The order of Psittaci consists of 
316 species, of which the vast majority are 
hole-nesters and have white eggs. The 
few species secondarily nesting in the 
open (Myiopsitta monachus, Geopsittacus 
occidentalis, and the genus Pezoporus, cf. 
Makatsch) have maintained this white egg 
color.® 


5 A similar case has been described by Poul- 
sen. Birds secondarily nesting on the ground 
have deep nests (similar to those of tree-nesting 
birds) and do not retrieve eggs into the nest 
from outside it, as primary ground-nesting birds 
do. 
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The occurrence of white eggs in hole- 
nesters of different rank shows a certain 
correlation with the absolute age of these 
categories. There are marked steps be- 
tween hole-nesters of order and family 
rank, and, again, between those of generic 
and specific rank, but no significant dif- 
ference between those of family and gen- 
eric rank. 


CLutTcH SIZE 


The clutch size in the Passerine birds 
concerned is shown in table 3. As with 
egg color, we note that adaptation does 
not take place immediately, but evolves 
slowly. Hole-nesters of specific rank 
hardly have an increased clutch size at 
all. 

It sounds paradoxical that hole-nesters 
should have larger clutches. D. Lack sup- 
poses that safe nests enable the young to 
develop slower. Hence, the parents 
should be able to rear a larger brood. In 
species with open nests, it would be more 
important to get the young fledged as 
soon as possible than to rear many of 
them. 

Another alternative may be that non- 
migratory birds are proportionately often 
hole-nesters (v. Haartman, 1954). This 
holds true at least with the North Euro- 
pean Passerines. The winter mortality 
in non-migratory species is, of course, 
much heavier than in migratory ones. If 
clutch size is adapted to compensate for 
mortality (which, on the whole, seems 
uncertain ), the non-migratory species, and 
hence also the -hole-nesters, must have 
larger clutches. 

As one pair, on average, gets only two 
descendants reaching maturity, the mor- 
tality must be the heavier the larger the 
clutch. This means a more rigorous se- 
lection, unless we assume that the differ- 
ential mortality is restricted only to the 
very young individuals, being wholly un- 
selective. Theoretically, a larger num- 


ber of offspring should cause a more rapid 
evolution. So far, no positive evidence of 
the influence of number of offspring on 
the speed of evolution has been presented. 


LARS VON HAARTMAN 


TABLE 4. Correlation between clutch size and 
average number of subspecies per species 


Numbers of subspecies per species 


North 

Palearctic American 
Clutch size species® species’ 
2.5— 3.49 5.6 (5) 1.5 (19) 
3.5— 4.49 4.7 (14) 2.1 (69) 
4.5— 5.49 4.5 (85) 2.0 (47) 
5.5-— 6.49 6.4 (41) 3.0 (14) 
6.5- 7.49 10.7 (9) 4.8 (13) 
7.5-— 8.49 13 (5) 
8.5-11.49 16 (9) 


‘The numbers of subspecies according to 
Dementiev. 

7 According to Bent; the families Jcteridae, 
Thraupidae, and Fringillidae are not included, 
cf. table 3. 


On the contrary, reference has been made 
to the rapid evolution of elephants and 
other big animals with small litters. How- 
ever, these selected examples can only 
prove the very trivial fact that the num- 
ber of offspring is not the only major 
factor determining the speed of evolution. 
It seems necessary to consider all species 
belonging to a larger group, such as, for 
instance, the Passerines. On doing this, 
we find the correlation between clutch 
size and average numbers of subspecies 
per species shown in table 4. 

As hole-nesters have large clutches, 
this means that they also have more sub- 
species. 

Now, I do not wish to claim that the 
question of the influence of clutch size on 
numbers of subspecies is finally answered 
by these statistics. The problem is more 
complicated. The species with large 
clutches are comparatively often non-mi- 
gratory, and this status may act, in itself, 
as a factor causing rapid subspeciation ow- 
ing to increased site tenacity (Rensch, 
1933) and, even more, larger climatic 
differences in the wintering areas in the 
non-migratory species (Salomonsen). 


INCUBATING AND NESTLING PERIODS 


The incubating and nestling periods are 
on the average longer in hole-nesting birds 
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WEIGHT IN GRS 


EREMOPHILA 


AGE IN DAYS 


MUSC. STR. 


MUSC.HYPOL. 


PARUS 


O/2345678 9 10H 1215 1415 20 


Fic. 2. Weight increase in young of Eremophila alpestris (cf. Pickwell), 
a typical open nesting species, Parus caeruleus (cf. Gibb), a typical hole- 
nesting species, Muscicapa striata (Sommardahl, unpublished), and Ficedula 
(Muscicapa) hypoleuca (v. Haartman, 1954). @ =day of leaving the nest. 


(table 3). Again, we note the importance 
of taxonomic position, besides breeding 
biology. Neither incubating nor nestling 
period are prolonged in secondary hole- 
nesters. 

The period of weight increase in the 
young of hole-nesters is only moderately 
prolonged (v. Haartman, 1954). The 
prolongation of nestling time is due above 
all to the time elapsing between the 
young’s reaching full weight and leaving 
the nest. The young of hole-nesters are 
mostly well fledged on leaving the nest, 
the young of open-nesters often leave the 
nest on foot many days before they are 
able to fly. 

The young of related species seem to 
follow the same course of development, 
irrespective of their nesting site. The Pied 


and Spotted Flycatchers* are good ex- 
amples. One would expect a very slow 
development in the Pied Flycatcher and 
a very rapid one in the Spotted Flycatcher, 
as the former is very successful in its 
nesting, and the latter very unsuccessful. 
In the last two years I have not seen any 
Spotted Flycatcher’s brood fledged (the 
Jay, Garrulus glandarius, seems to be a 
very severe predator), whereas nearly 
every Pied Flycatcher’s brood was suc- 
cessful. Nonetheless, the weight increase 
in the young of the two species is almost 
identical (cf. fig. 2). Young Pied Fly- 
catchers stay a few days longer in the 
nest. Thus, the period of remaining in 
the nest after attaining full weight is more 


8’ These species are not very nearly related. 
Vaurie places them in different genera, Fice- 
dula and Muscicapa. 
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adaptable than the weight increase. In 
Motacilla alba, cinerea, and flava, the 
clutch size, incubation period, and nestling 
period seem to be fairly similar (the 
nestling period is somewhat prolonged in 
M. alba), in spite.of the fact that the two 
first-mentioned species nest in fairly safe 
niches, whereas the last-mentioned uses 
open nests. 


SUMMARY 


A number of analogous (convergent) 
adaptations occur in hole-nesting birds. 
Their main causes are the safe nesting 
sites and the keen competition (both in- 
tra- and interspecific) for them. Com- 
petition has caused certain characteristics 
in behavior, such as development of ter- 
ritorial behavior only after finding a suit- 
able hole, fighting for a nesting-hole in- 
stead of for a territorial area, and the 
male’s demonstration of the nesting-hole 
in courtship-display. 

The safety of the nesting site has 
caused other adaptations, such as fre- 
quent polygamy, hissing notes in incu- 
bating adults and in the young, lack of 
cryptic color in the eggs, large clutch size, 
and slow development of eggs and young. 
A long period of evolution is needed, how- 
ever, before a species is able to take full 
advantage of the safety of the nesting 
site. In primary hole-nesters the adap- 
tations are much more clearly developed 
than in secondary hole-nesters. Tits, for 
instance, have maintained spotted eggs, 
open-nesting Parrots white eggs. The 
Pied and Spotted Flycatchers have nearly 
identical growth curves in the young, in 
spite of the one having very safe and the 
other very unsafe nesting sites, and so 
on. 

The number of subspecies was found 
to show a positive correlation to clutch 
size (hence, hole-nesting birds tend to 
have larger number of subspecies). This 
may be due to stronger selection in spe- 
cies with more offspring, and/or the fact 
that species with large clutches are rela- 
tively often non-migratory. 


LARS VON HAARTMAN 
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INTRODUCTION 


Experiments reported in previous pub- 
lications (Vetukhiv, 1953, 1954, 1956) 
have established that the F, hybrids be- 
tween populations of Drosophila pseudo- 
obscura of different geographic origin 
show indications of heterosis. The F, 
hybrid larvae survive better under condi- 
tions of crowding than do larvae of the 
parental races; the adult F, hybrids show 
a higher fecundity than do the parents. 
The situation in the F, tends, however, 
to be reversed. In most crosses the F, 
hybrids are inferior both in larval com- 
petitive ability and in adult fecundity, not 
only to the corresponding F, hybrids but 
also to one or to both parents. The situ- 
ation is variable from cross to cross, as 
well as from species to species. Thus, 
D. paulistorum has shown a relatively 
weak heterosis in the F,; the F, showed 
no indications of heterosis, but neither was 
it significantly inferior to its P generation. 
By and large, the trend is towards hybrid 
vigor in the F, generation, and towards 
its disappearance in F,, which sometimes 
leads to the F, hybrids becoming inferior 
not only to the F,, but to the parents as 
well. The problem of heterosis and of 
its causes is being most actively investi- 
gated in population genetics at the pres- 
ent time. Its implications are important, 
both for an understanding of the mecha- 
nisms of evolutionary adaptation of Men- 
delian populations to their environments 
and for applied biology, particularly in 
agricultural research. The present article 
reports the results of a study of the lon- 
gevity of the adult flies, both of geographi- 
cally pure and of geographically mixed 
origins. The same geographical popula- 
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tions are studied here which were used in 
the previous work, referred to above. 


MATERIAL AND METHOD 


The material for the experiments con- 
sisted of strains of D. pseudoobscura de- 
rived from wild flies collected at Bryce 
National Park, Utah; Gunnison, Colo- 
rado; Mather, California; Ferron, Utah; 
Pifion Flats, California. Each strain is 
descended from a single impregnated wild 
female. These populations will be re- 
ferred to below either as Bryce, Gunnison, 
Mather, Ferron, and Pifion, or by the 
letters B, G, M, F, and P. All the strains 
were homozygous for the Arrowhead gene 
arrangement in the third chromosome. 
Artificial populations were obtained from 
all derived strains. F, and F, populations 
were produced from matings between 
members of the same local population and 
by crossing members of different popula- 
tions. For further details concerning the 
technique of the crosses see Vetukhiv, 
1953, 1954, 1956. 

For the longevity studies, the flies of a 
given population or a cross were raised 
always at 25° C. Groups of 25 females 
and 25 males of a given kind were placed 
in ordinary half pint culture bottles with 
cream-of-wheat and molasses culture me- 
dium and a standard amount of yeast. 
For each locality and for each kind of hy- 
brid, four such bottles were made; the 
initial numbers of the flies were, thus, 100 
22 and 100 ¢¢. Where hybrids were 
produced, the reciprocal crosses were al- 
ways made, two bottles of each cross. 

The longevity was studied at two tem- 
peratures, 16° and 25° C. The flies were 
transferred to bottles with fresh culture 
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medium every 5 days (at 25°) or every 
7 days (at 16°). The numbers of the 
dead flies of each sex were counted at 
every transfer. The experiments at 16° 
and at 25° were begun simultaneously. 
The longevity of the parental populations 
was studied simultaneously with that of 
the hybrids. This is necessary because 
the experiments made at different times 
with the same strain may give somewhat 
different values, owing to uncontrollable 
variations in the food or in other environ- 
mental components. For the same reason 
control samples of the parental populations 
were run together with the F, hybrids, 
and again with the F, hybrids. The vari- 
ations in the values obtained can be seen 
in tables 1-3. 

The F, hybrids between the parental 
populations have shown a longevity clearly 
superior to that of their parental popula- 
tions themselves. The F, hybrids showed 
indications of a breakdown, to a level be- 
low that of the parents. Since the dif- 
ferences were generally small, the whole 
series of the experiments dealing with 
the F, hybrids was repeated with a new 
P generation control being run, of course, 
simultaneously. 


TABLE 1. 


The initial numbers were 200 flies in every experiment, except 


in which the numbers were 150. 
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SURVIVAL CURVES 


The original data are too bulky to be 
published. They are summarized in the 
following ways. Table 1 shows the abso- 
lute numbers of flies surviving at the ends 
of approximately 25-day intervals, using 
as the terminal dates the days on which 
the flies were actually counted nearest to 
a multiple of 25. At 16° most of the flies 
were dead in 125 days, and all were dead 
200 days after the start of the experiments. 
At 25°, most of the flies were dead within 
75 days, and all were dead within 125 days 
from the start. 

In all experiments, the initial numbers 
of the flies were, as indicated above, 200 
per series (except that marked in table 1 
by an asterisk, which had only 150 flies at 
the start). In this and in the following 
Tables, the data for the five parental popu- 
lations are given above, and for the ten 
inter-locality crosses below. The crosses 
are, for brevity, denoted by the first letter 
of the names of the respective localities. 
Thus, BG means a cross of Bryce and 
Gunnison strains. It should also be noted 
that the parental populations are always 
the first generation hybrids between the 
strains from the same locality (F, intra- 


Number of flies surviving after a given number of days 


those marked with asterisks, 


F; 16° Fe 16° 

Pop-\. 

ulation, 25 52 73 99 123 150 175 199 25 49 73 OF 124 149 177) 195 
Bryce 159 124 9% 39 27 11 2 tt) 189 173 143 111 57 14 0 1) 
Gunnison 168 151 112 70 32 1 192 184 155 97 45 11 
Mather 160 116 92 47 21 11 4 0 191 178 162 109 = 58 21 3 1 
Ferron 173 133 109 68 = 28 5 0 0 183 166 147 97 46 11 0 0 
Pifion 181 152 124 66 30 11 1 0 181 164 133 91 30 9 0 0 
BG 173 145 125 75 36 13 3 0 166 145 116 68 26 9 1 0 
BM 185 160 132 110 77 33 5 0 164 139 111 77 40 13 1 0 
BF 175 157 135 83 10 2 167 148 119 81 28 
BP 180 172 143 97 47 8 0 ) 180 165 146 116 73 25 1 tH) 
MG 171 #151 139 8©65 21 11 2 ) 181 164 149 127 69 36 2 0 
MF 179 155 130 79 46 7 1 0 192 179 162 130 78 21 ft) 0 
MP 187 172 156 119 74 27 4 1 179 163 140 100 49 13 0 0 
FG 172 149 132 103 66 24 5 0 167 143 123 86 49 12 0 0 
FP 190 178 161 125 80 31 6 3 174 161 139 110 55 20 0 
GP 182 154 125 101 58 20 5 0 171 154 134 84 37 12 i) 0 
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TABLE 1—Continued 


pave F: 16° F; 25° F2 25° F2 25° 
“ao. 25 48 74 98 123 152 176 26 51 76 101 125 25 50 77 99 125 25 50 73 99 126 
Bryce 190 184 °153 80 31 3 0 129 93 36 6 O 184 133 32 6 O 186 155 71 16 0O 
Gunnison 186 173 122 66 31 1 0 152 120 61 11 O 178 121 19 4 0O 187 135 66 6 0O 
Mather 186 175 154 96 55 5 0 162 128 60 10 O 174 125 37 8 0O 195 173 91 18 0 
Ferron 184 165 130 69 34 2 0 144 93 29 2 0O 163 104 33 5 @ 192 153 84 9 0O 
Pifion 184 172 138 69 20 2 0 171 133 50 10 O 168 104 23 2 0 193 153 101 20 O 
BG 172 153 130 68 24 1 1 177 135 59 10 O 146 81 39 14 O 182 142 78 10 0O 
BM 169 159 133 97 55 5 0 173 132 64 16 1 150 93 40 6 1 144* 118 82 25 1 
BF 183 165 133 79 40 1 163 113 45 8 1 
BP 169 149 116 53 7 O 0 179 138 45 2 O 130 66 13 1 O 176 145 101 11 O 
MG 179 150 116 85 53 8 0 187 139 53 10 O 113 44 11 2 O 171 131 84 11 O 
MF 181 157 115 76 45 6 0 179 146 66 8 O 136 68 14 2 90 172 141 96 19 O 
MP 178 162 132 105 63 7 0 176 144 86 21 0O 130 78 35 9 1 163 130 88 10 O 
FG 179 162 130 85 27 1 0 163 103 36 5 9O 128 58 13 O O 176 139 82 20 O 
FP 136* 117 96 73 41 5 0 188 153 77 23 1 140 8127 5 0O 183 159 102 16 0O 
GP 178 156 131 91 58 2 0 179 147 62 8 9O 108 37 6 2 90 164 129 84 19 1 


locality hybrids), regardless of whether 
they are shown in the parts of the Tables 
marked “F,” or “F,”. Table 2 shows a 
different aspect of the data, namely the 
calculated numbers of days on which 10, 
25, 50, 75, and 90 per cent of the flies in 
a given experiment were dead. 

To help visualize the relationships ob- 
served in the data, Figures 1-3 sum- 
marize the observations in the form of 
survival curves. Figure 1 shows survival 
curves of the P generation flies (all the 
intra-locality crosses combined, solid 
lines) and of the F, generation flies (all 


the F, inter-locality crosses combined, 
dashed lines) at the two temperatures, 
16° and 25° C. The greater longevity of 
the F, compared to the P generation flies 
at each temperature stands out perfectly 
clear (fig. 1). In figure 2 are shown the 
survival curves in the first experiment 
dealing with the F, generation flies from 
the inter-locality crosses at 16° and at 
25° C. (dashed lines). For comparison 
are shown the P generation data collected 
simultaneously with the F, (solid lines). 
At 25° the situation is perfectly clear: far 
from showing a superior longevity like 


TABLE 2. The number of days on which 10, 25, 50, 75, and 90 per cent of the 
original sample of the flies were dead 
Per 

16°C F2 16°C. F2 16°C. 

Pop- 

ulation, 10 25 50 75 90 10 25 50 75 90 10 25 SO 75 90 
Bryce 10.0 26.8 65.4 88.4 131.2 29.2 66.5 99.0 124.3 140.6 §2.2 72.5 85.2 108.6 130.5 
Gunnison 14.0 49.3 75.9 105.5 127.5 $5.2 72.5 93.0 118.0 139.0 28.5 61.0 79.9 106.5 130.8 
Mather 12.8 26.3 56.9 93.5 128.0 42.0 79.2 99.8 128.5 147.5 30.8 73.5 92.2 122.5 138.0 
Ferron 17.8 36.2 74.4 108.6 132.5 28.0 66.7 92.5 118.6 139.6 26.3 58.3 81.2 108.0 131.5 
Pifion 23.2 50.2 80.5 108.7 133.9 25.7 59.5 89.5 111.1 129.7 31.2 63.5 82.0 102.2 120.0 
BG 14.5 43.5 81.5 114.8 136.0 10.0 39.1 78.5 112.5 130.6 15.0 51.0 83.5 107.0 124.0 
BM 29.5 56.5 103.0 137.5 156.1 10.0 31.0 78.4 115.5 139.0 11.3 58.5 83.3 123.7 136.2 
BF 16.0 56.0 87.7 115.9 136.8 7.5 43.0 86.3 112.8 132.0 29.7 64.8 83.1 113.3 133.0 
BP 22.0 64.6 94.6 118.9 139.5 22.5 67.2 104.3 134.5 150.5 11.5 43.5 79.8 96.5 111.7 
MG 15.6 50.8 82.1 103.8 123.0 24.3 68.1 106.2 133.0 157.7 19.3 45.0 80.6 122.3 142.0 
MF 20.5 55.5 86.0 118.4 137.1 44.5 87.0 114.5 133.0 146.7 22.2 50.2 78.8 115.7 137.6 
MP 34.5 74.0 112.5 135.7 153.5 21.6 61.5 94.0 120.0 142.0 19.9 56.3 98.5 126.7 139.5 
FG 14.8 47.5 100.5 132.5 149.1 11.3 38.3 84.0 119.8 136.6 20.2 62.5 87.0 107.6 123.5 
FP 46.1 80.7 115.7 134.2 158.4 19.7 60.5 100.5 126.0 145.5 22.7 51.0 92.2 122.0 138.2 
GP 24.4 51.6 97.0 124.8 146.5 13.6 50.8 85.5 115.8 138.1 18.2 50.1 89.5 124.8 136.1 
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TABLE 2—Continued 7 | 


Per 


F; 25°C. Fs 25°C. Fs 25°C. 

en 10 25 SO 75 90 10 25 SO 75 90 10 25 SO 75 9 
tases 5.2 144 44.5 68.6 86.0 27.6 44.3 55.9 68.2 79.0 28.5 45.8 60.8 76.6 91.0 
Giastabeaia 7.7 25.7 57.8 79,0 88.0 18.5 39.8 53.0 66.4 74.2 29.7 42.3 59.5 74.5 85.5 
Mather 11.4 35.3 63.2 78.6 89.5 16.2 42.6 55.4 69.2 81.4 42.8 56.2 66.5 83.7 92.0 
sdbions 8.5 21.5 46.1 67.0 79.8 9.5 30.2 50.0 65.0 81.7 36.0 49.3 64.3 80.0 87.3 
Pifion 12.1 36.0 60,0 74.0 88.8 14.6 30.6 49.8 66.8 75.6 33.7 51.8 71.2 82.1 97.0 
BG 18.0 43.1 60.0 79.6 89.5 6.7 20.3 38.1 68.0 90.5 24.6 44.0 60.0 79,7 88.7 
BM 13.0 41.0 63.0 80.7 94.5 5.0 23.0 466 67.5 84.5 37.3 53.2 73.5 88.8 106.4 
BE 12.3 306 55.0 69.2 92.4 8.4 26.3 51.9 68.6 73.5 19.0 42.2 57.5 75.9 80.6 
BP 22.3 40.0 60.7 73.0 83.0 3.4 13.3 32.6 53.1 69.5 13.0 44.0 71.3 81.0 896 
MG 28.0 44.0 67.5 75.5 87.2 7.2 13.5 285 46.4 66.6 17.1 33.0 60.5 793 91.8 
ME 21.2 46.0 65.1 81.7 92.6 2.7 148 35.0 55.8 71.5 15.0 41.8 69.0 83.8 6.4 
MP 17.6 46.5 69,1 84.0 98.8 4.0 14.0 38.9 68.2 80.7 13.1 36.0 61.0 82.0 89.8 
FG 13.0 29.3 50.0 66.2 83.2 45 174 33.5 52.8 68.6 14.3 46.3 64.0 82.0 97.0 
FP 34.5 50.1 67.3 83.8 99.5 0.7 18.1 40.0 65.5 79.8 29.2 54.2 74.8 83,2 92.0 


GP 22.4 47.6 65.2 78.1 87.2 29 11.2 25.3 44.3 58.5 12.7 33.7 62.5 84.1 %6.4 


the F, hybrids, the F, flies give a survival which run below the corresponding P gen- 
curve distinctly below that of the P gen- eration curves for about 80 days (at 16°), 
eration. At 16° the difference between or for about 60 days (at 25°), whereupon 
P and F, generations is less striking than the numbers of the survivals are very 
at 25°. Nevertheless, the F, curve is nearly the same. 

consistently below the P generation curve 
for about 100 days from the beginning of 
the experiments, while thereafter the two 
curves very nearly coincide. As an ad- The above examination of the curves in 
ditional check, the F, experiments were figures 1-3 has shown that the F, hybrid 
repeated, together with a new P genera-_ flies exhibit a superior, and the F, hy- 
tion control. The results are shown in brids an inferior longevity compared to 
Figure 3. This time, the F, hybrids give, the P generation. It is obviously impor- 
at either temperature, survival curves tant to examine to what extent the dif- 


MEAN LONGEVITY OF THE FLIES IN 
D. PsEUDOOBSCURA EXPERIMENTS 


TABLE 3. Mean (m) and median (M) length of life (in days) in different populations and their hybrids 
16°C 25°C 
F; Fe Fe F: 
Population m M m M m M m M m M m M 
Bryce 69.1 65.4 96.3 99.0 91.0 85.2 45.5 44.5 57.2 55.9 63.4 60.8 
Gunnison 78.0 75.9 97.5 93.0 84.2 79.9 55.1 57.8 50.9 53.0 60.5 59.5 
Mather 68.3 56.9 102.3 99.8 95.5 92.2 57.2 63.2 56.0 55.4 70.4 66.5 
Ferron 76.6 74.4 92.0 92.5 83.6 81.2 46.8 46.1 53.2 50.0 64.9 64.3 
Pifion 83.8 80.5 88.3 89.5 83.6 82.0 58.7 60.0 50.5 49.8 68.9 71.2 
BG 79.9 81.5 77.5 78.5 80.9 83.5 60.6 60.0 46.9 38.1 60.7 60.0 
BM 100.5 103.0 79.7 78.4 89.5 83.3 61.5 63.0 50.8 46.6 72.3 73.5 
BF 86.1 87.7 80.0 86.3 86.7 83.1 54.1 55.0 50.3 51.9 56.7 57.5 
BP 93.6 94.6 99.6 104.3 80.5 79.8 51.5 60.7 37.6 32.6  .54.2 71.3 
MG 81.4 83.1 102.1 106.2 85.1 80.6 65.0 61.5 34.6 28.5 59.7 60.5 
MF 87.2 86.0 105.6 114.5 83.9 78.8 63.3 65.1 39.6 35.0 65.0 69.0 
MP 105.6 112.5 92.4 94.0 92.7 98.5 62.7 69.1 44.9 38.9 60.3 61.0 
FG 101.7 100.5 82.6 84.0 84.0 87.0 50.9 50.0 37.4 33.5 63.0 64.0 
FP 109.6 115.7 99.8 100.5 88.7 92.2 68.8 67.3 45.0 40.0 69.6 74.8 


GP 92.6 97.0 80.0 85.5 94.8 89.5 62.6 65.2 31.0 25.3 61.2 62.5 
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ferent crosses agree in showing these re- 
lationships. Table 3 shows the relevant 
data, calculated as the mean (M) and me- 
dian (M) longevities of the different 
classes of the flies. Figures 4 illustrate 
the relationships observed in the form of 
diagrams. 

In the experiments conducted at 16° C., 
every one of the ten F, inter-locality 
crosses shows a longevity superior to those 
of both corresponding parental popula- 
tions. At 25°, seven out of the ten F, 
crosses manifest longevities superior to 
both parents, one equals the superior 


EN? 


parent, and two are intermediate between 
the parents (fig. 4). There is no doubt, 
then, that the F, inter-locality hybrids are 
superior to the parental populations. 

The first experiment with the F,, inter- 
locality hybrids is reported in figure 5, 
The parental populations are given, as 
always, for comparison. At 16° the F, 
hybrids are inferior to both parents in 5 
crosses, intermediate between the parents 
in 1 cross, and superior to both parents in 
4 crosses. At 25° the results are far 
more consistent. Here the F, hybrids are 
inferior to both parents in 9 out of the 10 


Fic. 1. Survival curves of geographic populations of Drosophila pseudo- 
obscura and their hybrids. Summarized data for all parental populations 
and for all F, hybrids at 16° and at 25° C. Solid lines indicate parental 


populations, dashed lines—F, hybrids. 


~ 
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Fic. 2. Survival curves of geographic populations of Drosophila pseudo- 
obscura and their hybrids. Summarized data for all parental populations 
and F, hybrids at 16° and at 25° C. Solid lines indicate parental populations, 
dashed lines—F, hybrids. The first experiment. 
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Fic. 3. Survival curves of geographic populations of Vrosophila pseudo- 


obscura and their hybrids. 


Summarized data for all parental populations 


and F, hybrids at 16° and at 25° C. Solid lines indicate parental populations, 


dashed lines—F, hybrids. 


crosses, and intermediate in one cross. 
The repetition of the experiment is re- 
ported in figure 6. At 16° the F, hy- 
brids are again inferior to both parents in 
5 cases, intermediate in one, and superior 
in 4 cases. It may, however, be noted 
that the ostensible superiorities and in- 
feriorities were not observed in the same 
crosses in the experiments reported in 
figures 5 and 6. At 25° the F, hybrids 
are inferior in 2, intermediate in 4, and 
superior in 4 crosses. 


STATISTICAL ANALYSIS OF THE DATA 
(by Howard Lewene) 


Table 3 gives the mean, M, and median, 
M, length of life days for the different 
populations and their hybrids. Both the 
mean, the total number of fly days di- 
vided by the original number of flies, and 
the median, or half-life (the time when 
half the flies have died) have a biological 
meaning. If the distribution of survival 
times is symmetrical, M = M, while if the 
distribution is skewed, with too many 
long-lived flies and too few short-lived 
ones, M will be greater than M. If the 
distribution is skewed in the opposite di- 
rection, the reverse is true. If both ex- 


tremes are relatively too frequent, the 
median will be a more stable measure of 
central tendency than the mean. The in- 


The second experiment. 


dividual frequency distributions actually 
found agree with the combined distribu- 
tions shown in cumulative form in figures 
46 in being sometimes skewed in one di- 
rection and sometimes in the other. Some- 
times there are also relatively too many 
extreme values. Accordingly the median 
would seem to be a more satisfactory 
measure of general length of life for com- 
paring different populations and their hy- 
brids, and is used in figures 1-3. 

Because of the varying shapes of the 
survival curves, it may happen that two 
curves have nearly the same median, but 
differ considerably at earlier or later times, 
with one curve showing greater early 
mortality or perhaps a significantly longer 
time before a large proportion of the flies 
are dead. Such cases will be seen in 
table 2, and significance tests could be 
made for differences in the various per- 
centiles given there. However, it seems 
better to use an over-all test of the dif- 
ference of the survival curves as a whole. 
Such a test is the Kholmogorov-Smirnov 
test for difference of two frequenty dis- 
tributions. This test is explained in 
Dixon and Massey (1951), where some 
tables are given. More extensive tables 
are given in Smirnov (1939 and 1948) 
and Massey (1951). 

For the Kholmogorov-Smirnov test we 
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MATHER GUNNISON BRYCE 
PINON PINON GUNNISON FERRON 


BRYCE BRYCE FERRON 
PINON GUNNISON PINON 


Fic. 4. Longevity in fly-days of geographic populations of Drosophila 
pseudoobscura and of hybrids between them at 16° and at 25° C. The white 
columns indicate the parental populations, the black columns—the F, hybrids. 


calculate the difference between the per- 
centage of survivors of one population 
sample and the percentage of survivors of 
the other population sample, at a given 
time. We then denote by d the numeri- 
cally largest value of this difference when 
all possible times are considered. Graph- 
ically, if per cent survivors is plotted ver- 
tically, and time horizontally, with the 


curves for both samples on the same axes, 
d is simply the largest vertical distance 
between the two curves. If one sample 
has n, initial flies and the other has n, 
initial flies, the maximum difference, d, 
is significant at level of significance P if 
it is greater than 


1 Ne 
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Fain 


25°C 


Fai 


MATHER MATHER MATHER MATHER GUNNISON BRYCE BRYCE BRYCE FERRON FERRON 
BRYCE GUNNISON FERRON PINON PINON = §=GUNNISON FERRON PINON GUNNISON PINON 


Fic. 5. Longevity in fly-days of geographic populations of Drosophila 
pseudoobscura and of hybrids between them at 16° and at 25° C. The white 


columns indicate the parental populations, the black columns—the F, hybrids. 
The first experiment. 


where, for P = 5%, ks = 136; with k,; = fying that horizontal row. This differ- 
163, and ko., = 195. For all but one case ence is given a positive sign if the hybrid 
we have n; = nz = 200, giving ds = 13.6, had more survivors, and a negative sign 
d,; = 16.3, do. = 19.5. While 150 flies if the parental strain had more survivors. 
were compared to 200, d; = 14.7, di = 

17.6 and do, = 21.1. In table 4 the val- uecuamen 

ues of d are given. Each row gives the The experimental results, though not 
value of d for two comparisons of an F; or entirely consistent for the different indi- 
F. hybrid with the parental strain identi- vidual crosses, are weighed in favor of the 
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Longevity in fly-days of geographic populations of Drosophila 


pseudoobscura and of hybrids between them at 16° and at 25° C. The white 
columns indicate the parental populations, the black columns—the F, hybrids. 


The second experiment. 


following conclusions. The F, hybrids 
between the geographic populations tend 
to show longevities superior to those of 
their parental populations. It can be seen 
in table 4, that, at 16° C., most F, hybrids 
are superior to both parents, and usually 
quite significantly so. At 25°, all 20 of 


the possible 20 comparisons between P 


and F, generations show a superior lon- 
gevity in the latter, and in 14 comparisons 
the superiority is statistically significant. 
It may be noted that, at high temperature, 
the Bryce population shows a particularly 
low longevity, but this deficiency is not 
inherited by the hybrids. 

The F. generation of the interpopula- 
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TABLE 4. Statistical significance of the maximum differences in per cent surviving between either the 


F, or Fz inter-populational crosses and their parental population given in the first column 
(Further explanation in text) 


Experiments at 16° C. Experiments at 25° C. 


Bryce Gunnison Mather Ferron Pifion Bryce Gunnison Mather Ferron Pifion 

Fi 
B 21.5*** 26*** 28*** 26*"** 17** 20*** 
G 10 13.5 24.5*** 21.5*** 14* 17,.5** 16.5* 15* 
M 31.5*** 24.5*** 37,.5*** 6 12.5 15.5* 14* 
F 14* 21*** 13.5 31.5*** 12.5 9.5 31,.5*** 30*** 
P 17** 17.5** 31*** 6 11 18** 15.5* 

F: 
B —21.5*** —17.5** —15* 11.5 —24.5*** —16* —36*** 
G —24*** 16.5* —22*** —18** —27.5*** —42*** —36,5*** 
M —27*** 9 13 —11.5 —21.5*** —44*** —32*** —28*** 
F —15* —11.5 21% 5.5 —19,5*** —14,5* 
P 22.5*** — 8 12.5 19,5*** —23*** — —19** —16* 

F: 
B —15.5* 14.5* —12.5 —17.5** — 5.5 20.5** —13.5 15* 
G —10 —14* 12.5 13.5 7 —13 9.5 13.5 
M —10.5 —20.5*** —20.5*** 12 —22*** —18** —21,.5*** 
F 6 9.5 — 7.5 14 —16.5* — 95 —11 10.5 
P —12 19*** 22.5*** 18** — 8.5 —15* —15.5* — § 


* Significant at 5% level. 
** Significant at 1% level. 
*** Significant at 0.1% level. 


tional hybrids quite clearly loses the het- 
erosis observed in the F,. Comparison 
of the F, hybrids with the parental popu- 
lations leads, however, to less clear re- 
sults. As shown in table 4, among the 40 
possible comparisons, at 16° C., Fe hy- 
brids are ostensibly inferior to the parental 
populations in 22 comparisons and os- 
tensibly superior in 18 comparisons. 
However, among the 22 ostensible in- 
feriorities, only 13 pass the conventional 
levels of statistical significance, while 
among the 18 ostensible superiorities only 
8 are significant. The data for the ex- 
periments carried at 25° are more con- 
sistent. Among the 40 possible compari- 
sons, the F, hybrids have longevities os- 
tensibly inferior to those of the pure pa- 
rental populations in 32 cases, and in 25 
of them the differences are statistically 
significant. The are ostensibly su- 
perior to the P populations in only 8 
cases, and only two of these are signifi- 
cant at a 5 per cent level. 

There is, then, a simple relation be- 
tween the longevities of the P, F;, and Fo. 
At 16°, the F, generation mostly shows 


a clear superiority over the parents; the 
F, generation is clearly inferior to the Fy, 
but is little if at all inferior to the parents. 
At 25°, the F; superiority over the parents 
is not strongly pronounced, but the F» is 
more consistently inferior both to the 
parents and, especially, to the F, hy- 
brids. Inspection of the figures 1-6 bears 
out these conclusions. 

The experiments reported in the pres- 
ent article extend the series of studies on 
the populations of Drosophila pseudo- 
obscura published previously ( Vetukhiv, 
1953, 1954, 1956). It has been shown 
that the F, hybrids between the geo- 
graphic populations are, by and large, 
superior to these populations themselves 
in the viability of the larvae under com- 
petition in crowded cultures, in the fe- 
cundity of the adults, and inthe lon- 
gevity of the adult flies. It has also been 
shown that these superiorities of the F, 
hybrids tend to disappear in the Fy. gen- 
eration. The F, hybrids are usually in- 
ferior to the F, hybrids, and often in- 
ferior to one or to both parents. It is 
not claimed that the above rules are gen- 
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erally obeyed. In the first place, the ex- 
perimental errors are large enough so 
that some of the F,; and Fs crosses do not 
differ significantly from the parental pop- 
ulations in the predicted direction, or even 
differ, ostensibly or significantly, in the 
opposite direction. Secondly, it is quite 
possible that some populations do not be- 
have like others. For example, the Ferron 
and Gunnison populations have shown ex- 
ceptional behavior in hybrids with each 
other more often than did other popula- 
tions. Hybridization of geographic strains 
of D. paulistorum (Vetukhiv, 1954) seems 
to lead neither to F,; superiority nor to F: 
breakdown. Thirdly, the performance of 
the hybrids and of their parental popula- 
tions may not be the same at different 
environments. As shown in the present 
report, the F, heterosis is more pro- 
nounced at 16° than at 25°, but the break- 
down in the Fz is quite perceptible at 25° 
but little, or not at all, at 16°. It may also 
be noted that a given pair of populations 
does not always given consistent results 
on re-testing, as shown particularly 
clearly in table 4. It is because of this 
environmental sensitivity that it has been 
necesary to take the not inconsiderable 
trouble to run control experiments of P 
populations simultaneously with studies 
of all hybrids. 

Quite clearly, the observations reveal 
two phenomena, namely the superiority of 
the F, hybrids over the parents, and the 
breakdown in the F, hybrids. The latter, 
the breakdown in the F,, though less con- 
sistently pronounced in the data, is the 
easiest to explain. The gene pools of the 
parental populations are evidently coher- 
ent wholes, in which the gene alleles, at 
the same locus, and at different loci, are 
co-adapted to produce high fitness under 
the breeding system prevalent in a given 
population. The gene recombination in 
the hybrids leads to breakdown in fitness, 
because the genes in the different popula- 
tions, even of geographically rather close 
localities, need not be coadapted. This 


explanation fits equally well our data and 
those of Wallace (1955; see also Wallace 
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and Vetukhiv, 1955), who observed a 
breakdown in the hybrids between Dro- 
sophila melanogaster coming from prog- 
enies collected in different countries. 
Wallace was able to push the analysis 
farther, and to show that both recombi- 
nation of whole chromosomes of differ- 
ent geographic origin, and recombination 
of genes within the chromosomes, leads to 
loss of the adaptive value in the recombi- 
nation products. Analogous data were 
obtained still earlier by Brncie (1954) 
and by Dobzhansky and _ Pavlovsky 
(1953). 

Much less obvious is the explanation of 
the superiority of the F, hybrids between 
geographic populations over the parental 
populations themselves. It is fully rea- 
lized that a superior competitive ability of 
the larvae in crowded cultures need not 
necessarily go hand in hand with superi- 
ority in fecundity, longevity, and other 
components of the adaptive value. For 
this reason, in the first paper devoted to 
this topic (Vetukhiv, 1953), the writer 
did not regard the observations as fur- 
nishing proof that the F, hybrids are 
heterotic, i.e., superior in the adaptive 
value, to parental populations. Since, 
however, subsequent work agreed in 
showing that the F, hybrids are superior 
also in other components of fitness stud- 
ied, at present there seems to be no choice 
left: The F, hybrids are heterotic. Wal- 
lace (1955) has found F, heterosis also 
in hybrids between geographic popula- 
tions of D. melanogaster. 

Two of the possible mechanisms of the 
origin of heterosis in the evolution of 
Mendelian populations have been out- 
lined by Dobzhansky (1955). First, the 
high adaptive value of a heterozygote may 
arise from coadaptation of the alleles at 
a give locus, or of alternative gene com- 
plexes in a given chromosome, through a 
process of natural selection. Secondly, 
heterozygosis per se, meaning by this ex- 
pression the possessions of different al- 
leles at one or more loci in the chromo- 
somes, may furnish a physiological stim- 
ulus resulting in higher fitness. Mather 
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(1955) and Thoday (1955) have em- 
phasized importance of the coadaptation 
mechanism in the causation of heterosis. 
Lerner (1954), Maynard Smiths, Clarke, 
and Hollingsworth (1955) and Haldane 
(1955) have considered that heterozy- 
gosis per se may be at least an im- 
portant contributing factor in the origin 
and evolution of heterosis. 

The data reported in the present and 


in the foregoing articles of this writer,’ 


dealing with the hybrids between geo- 
graphic populations of D. pseudoobscura, 
do not permit to discriminate conclusively 
between the above possibilities. [In a 
widespread, common, and _ ecologically 
versatile species like D. pseudoobscura, 
processes of coadaptation are certainly 
taking place within the populations of 
most localities where this species lives. 
However, the heterosis observed in the 
F, hybrids between the populations would 
have to mean that the coadaptation of the 
genes found in the gene pools of popula- 
tions of different localities is superior to 
that within the gene pools of these locali- 
ties themselves. It seems rather difficult 
to imagine a mechanism of natural selec- 
tion which would bring about such a state 
of affairs. The reproductive biology of 
D. pseudoobscura does not favor inbreed- 
ing in most natural populations. Accord- 
ing to Dobzhansky (personal communica- 
tion), the populations of the localities 
from which the material used in our ex- 
periments was derived are large and 
flourishing ones. It is highly improbable 
that such populations are inbred syste- 
matically or even at frequent intervals. 
Therefore, it seems most unlikely that 
intercrossing these populations restores 
anything which could reasonably be re- 
garded a “normal” level of heterozygosis. 
The weight of the evidence seems to 
favor the heterozygosis “per se” hypothe- 
sis. Heterozygosis does, under some con- 
ditions which at present cannot be speci- 
fied, bolster the adaptive value of a geno- 
type, even without a previous history of 
coadaptation by natural selection. 
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SUMMARY 


The experiments on longevity extend 
the data on adaptive value of geographic 
populations of Drosophila and hybrids be- 
tween them. The longevity was studied 
under controlled laboratory conditions in 
five different geographic populations of 
Drosophila pseudoobscura and in F, and 
F, hybrids between them, at tempera- 
tures of 16° and 25° C. The method was 
to count the number of adult flies which 
died on certain days. The results pre- 
sented in tables 1-4 and in figures 1-6 
show that F,; hybrids are mostly superior 
to their parents; the F, lose this superi- 
ority, and in some cases are inferior to 
one or even to both parents. 

At 16°, the F, hybrids show mostly a 
clear superiority over the parents, the F, 
is inferior to F;, but is only little, if at all, 
inferior to the parents. At 25°, the su- 
periority of F, hybrids over their parents 
is not strongly pronounced, but F, hy- 
brids are more consistently inferior to the 
parents and in a still higher degree to the 
F, hybrids. 

It may be stated that F, hybrids are 
heterotic. The data favor the view that 
heterosis per se may furnish a physio- 
logical stimulus resulting in higher fitness. 
The inferior longevity in F, hybrids is 
probably due to gene recombination which 
leads to a genetic breakdown in fitness. 
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Among those genera of microtine ro- 
dents having holarctic distribution, the 
parasitic helminths of North American 
representatives of Dicrostonyx, Lemmus, 
Clethrionomys, and Microtus are relatively 
well known. These helminths demon- 
strate a highly developed phylogenetic 
specificity, being restricted essentially to 
the Microtinae, but few show any evidence 
of host-specificity at the generic level. 
Both nematodes and cestodes are preva- 
lent endoparasites of these rodents in 
boreal North America. For the purposes 
of the present work, emphasis is placed 
upon the cestodes, most of which are 
members of the subfamily Anoplocepha- 
linae. Some of the latter are unusually 
interesting in that they occur in a variety 
of host-species over extensive geographic 
ranges. With the exception of Parano- 
plocephala omphalodes (Hermann, 1783), 
it has not been determined whether these 
cestodes are holarctic. It is evident, how- 
ever, that some described from microtine 
rodents in Eurasia correspond morpho- 
logically to species in North America. 

It appears in Alaska that significant 
relationships between the distribution of 
certain cestodes and the distribution of 
their hosts may be recognized. Any at- 
tempt to evaluate these apparent relation- 
ships is contingent upon determining 
whether or not these cestodes are holarc- 
tic. The study of this problem has now 
been undertaken in light of work pub- 
lished recently by Eurasian helmintholo- 
gists and the acquisition of additional com- 
parative material. This paper contains 
a review of the taxonomic status of ano- 
plocephaline cestodes from microtine ro- 
dents and a discussion of some of the 
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evolutionary and zoogeographic implica- 
tions of distribution and host-occurrence 
of these and other helminths. 

I. The genus Andrya. Five species of 
Andrya parasitic in microtine rodents may 
be considered valid at the present time. 

1. Andrya macrocephala Douthitt, 1915, 
is the most common cestode observed in 
species of Microtus in North America. 
Its unusually wide range of normal mor- 
phological variation (Rausch and Schiller, 
1949a; Rausch, 1952) has led to the de- 
scription of some of its variants as distinct 
species. A. macrocephala has been well 
characterized from North American ma- 
terial. Two species closely resembling 
A, macrocephala have been described in 
Eurasia; however, their validity is ques- 
tionable. One of these, A. bialowizensis 
Soltys, 1949, has been reported only from 
Poland. <A. caucasica Kirshenblat, 1938, 
was described from Transcaucasia. 

It was suggested by Rausch and Schiller 
(1949a) that A. caucasica might be con- 
specific with A. macrocephala. This pos- 
sibility was not considered by Spasskii 
(1951), in his monograph of anoplocepha- 
lid cestodes. Later, Spasskii, Romanova, 
and Naidenova (1951) made a survey of 
the helminth parasites of muskrats (an 
introduced species) in Russia, and from 
this host collected specimens of Andrya 
in the Kurgansk and Archangel’sk Oblasti. 
They also had cestodes of this genus from 
voles in Pribaikal’. These workers noted 
the lack of significant morphological dif- 
ferences between these specimens and the 
description of A. macrocephala. It was 
also observed that the cestodes from the 
voles of Pribaikal’ did not differ in any 
essential way from A. caucasica and A. 
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bialowizensis. They concluded that the 
latter two species are either conspecific 
with A. macrocephala or that a distinct 
palearctic species exists which is morpho- 
logically indistinguishable from the latter. 
In this event, it was believed that A. bi- 
alowizensis would be a synonym of 4. 
caucasica. However, since other criteria 
are lacking, the taxonomy of these cestodes 
can only be based upon their morphology. 


More recently, Zarnowski (1955) studied 
specimens of Andrya from voles from the 
environs of Pulawy, Poland. He ob- 
served the usual wide range of morpho- 
logical variation in this material, and con- 
cluded that A. caucasica is conspecific 


with A. macrocephala. Although Zar- 
nowski did not consider the status of 
A. bialowizensis, it is morphologically 
identical with A. macrocephala and can- 
not justifiably be regarded as distinct. 
Consequently, A. caucasica Kirshenblat, 
1938, and A. bialowizensis Soltys, 1949, 
may be added to the list of synonyms of 
A. macrocephala. 

2. Andrya primordialis Douthitt, 1915, 
was described from a squirrel, Tami- 
asciurus, in North America. At the same 
time, A. communis Douthitt, 1915, was 
described from a red-backed vole, but it 
was regarded as a synonym of the former 
by Baer (1927). According to Douthitt 
(1915), A. primordialis differs from A. 
macrocephala in having a prostate gland 
and unilateral genital pores. Satisfac- 
tory material for comparative study has 
not been available, and the status of this 
cestode remains indefinite (Rausch, 1952; 
Schad, 1954). 

3. Andrya montana Kirshenblat, 1941, 
is known from voles from Georgia and 
Armenia (see Spasskii, 1951, p. 397). 
From Spasskii’s description, it is apparent 
that this cestode resembles A. primordialis 
in having a prostate gland and unilateral 
genital pores. 

4. Anmdrya arctica Rausch, 1952, is 
widely distributed in arctic North Amer- 
ica, where it has been recorded from 
Dicrostonyx, Lemmus, Clethrionomys ru- 
tilus, and species of Microtus. A poorly 


preserved cestode from Lemmus lemmus, 
collected at Enontekis, Finland, has been 
tentatively referred to this species 
(Rausch, 1952). This cestode may be 
holarctic in distribution. 

5. Andrya bairdi Schad, 1954, is a 
unique form, known only from Microtus 
chrotorrhinus from the type locality (Que- 
bec, Canada). It is characterized by uni- 
lateral genital pores and the absence of 
a prostate gland. 

II. The genus Paranoplocephala. Six 
species of Paranoplocephala occurring in 
microtine rodents are recognized here: 

land 2. Paranoplocephala omphalodes 
(Hermann, 1783) has been reported fre- 
quently from western Europe. Farther 
east in Poland, it was collected by Poj- 
manska (1956) from voles near Poznan, 
and by Soltys (1949) from voles in the 
Biatowieza Forest. Spasskii (1951) listed 
its occurrence in the following localities in 
Russia: Voronezh Oblast’, Volga delta, 
Armenia, Georgia, West Siberia, and 
Chita Oblast’. In North America, it is 
known only from Alaska. 

P. omphalodes as defined by Baer 
(1927) is a well characterized species. 
Its status is confused, however, by the 
fact that P. blanchardi ( Moniez, 1891) is 
currently regarded by most workers as 
being synonymous with it. P. blanchardi 
was considered distinct by Baer (1927), 
in his monograph of the Anoplocephalidae. 
He later (1932) concluded that a single, 
variable species exists which, according 
to his definition, would be dimorphic. In 
support of his conclusion, he stated (p. 5), 
“En effet, la seule différence entre ces 
deux Cestodes réside dan le fait que chez 
P. omphalodes, les pores génitaux alter- 
nent irréguliérement, tandis qu ‘ils sont 
unilatéraux chez P. blanchardi. D’autre 
part, P. omphalodes est beaucoup plus 
grand que P. blanchardi. Leurs anato- 
mies sont identiques, tous deux ont 50 
testicules par segment, une poche du 
cirre longue de 0,2 mm a 0,4 mm et des 
oeufs de a de diamétre. Or 
nous trouvons dans notre matériel un Ver 
long de 50 mm et large de 2 mm (P. 
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blanchardi), mais avec des pores génitaux 
alternants. D’autre part, nous trouvons 
des Vers longs de 80 mm et larges de 5 
mm (P. omphalodes), mais avec les pores 
génitaux unilatéraux. II n’existe donc 
pas de caractére spécifique valable permet- 
tant de séparer ces deux espéces l’une de 
l'autre. P. omphalodes ayant priorité sur 
P. blanchardi, ce dernier nom doit tomber 
en synonymie avec le premier.” Cameron 
and Parnell (1933, p. 148) reached the 
same conclusion regarding the two spe- 
cies: “We found several specimens of 
this tapeworm in the small intestine of a 
vole from Caithness. In one, the genital 
pores were completely unilateral; in an- 
other they were irregularly alternating, 
about half a dozen to a dozen opening on 
one side to be succeeded by a similar 
number opening on the other. We have 
seen a similar phenomenon in specimens 
of Hymenolepis diminuta from the rat, 
and we are in agreement with Baer that 
P. blanchardi cannot be differentiated 
from P. omphalodes on this point and 
that the former name is a synonym of the 
latter.” 

Joyeux and Baer (1936, p. 44) stated 
that P. omphalodes may have either a 
length of 20 to 40 mm and _ unilateral 
genital pores, or a length of 100 to 215 mm 
with irregularly alternating pores. This 
view was reiterated by Baer (1949, p. 43). 

Spasskii (1951, p. 307) reviewed this 
problem, after having studied cestodes 
from the Novosibirsk Oblast’ which cor- 
responded in some details with the de- 
scription of P. blanchard:. He regarded 
the published accounts of the status of 
P. blanchardi as being “contradictory and 
incomplete” and gave a detailed descrip- 
tion of the Novosibirsk specimens. 

Cestodes from Alaska identified as P. 
omphalodes correspond to Baer’s (1927) 
characterization in their relatively large 
size, in having irregularly alternating 
genital pores, in size of egg, number and 
distribution of testes, and size of the 
cirrus sac. They also were morphologi- 


cally identical with specimens in_ the 
writer's possession from Microtus from 
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Belgium. In a series of more than 50 
cestodes with gravid segments, most of 
which were collected from Microtus on 
St. Matthew Island, Alaska, nothing ap- 
proaching the smaller form with unilateral 
genital pores was seen. It is difficult to 
believe that the range of normal variation 
in P. omphalodes would be so great as to 
account for the form designated as P. 
blanchardi. Arrangement of the genital 
pores (whether unilateral or irregularly 
alternating ) provides an important differ- 
ential character in the anoplocephaline 
cestodes; other than the findings of the 
European workers regarding P. ompha- 
lodes-blanchardi, there is no evidence that 
this character is subject to variation within 
a given species. The relatively wide range 
of morphological variation in A. macro- 
cephala, for example, was never observed 
to include any deviation from the irregu- 
larly alternate arrangement of the genital 
pores (Rausch and Schiller, 1949a). The 
study of a large series of specimens from 
Europe should show a gradation in size 
if a single species were involved, rather 
than two non-intergrading size-groups. 
Apparently specimens of the larger size 
have never been observed to possess uni- 
lateral pores. It appears that P. blan- 
chardt is a distinct species. 

No cestodes conforming to the descrip- 
tion of P. blanchardi have been found in 
North America. It may be that this form 
is the Eurasian counterpart of the nearctic 
P. variabilis (Douthitt, 1915). The latter 
and P. neofibrinus Rausch, 1952, re- 
semble P. blanchardi, but in number of 
testes, size of cirrus sac, and size of egg 
are dissimilar. Further study of Eurasian 
material is needed. 

3. Paranoplocephala infrequens (Dou- 
thitt, 1915) is a very common parasite of 
Microtus spp. in North America. It is 
distributed over much of the continent and 
is also morphologically variable (Rausch, 
1952). 

A cestode designated as P. brevis 
Kirshenblat, 1938, is recognized in Eu- 
rasia. Since first collected from voles in 
Georgia (Kirshenblat, 1938), it has been 
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recorded from several localities, and ap- 
pears to be a relatively common cestode. 
Spasskii (1951) recorded P. brevis from 
Armenia and the Barbinskoi Steppe ( No- 


vosibirsk Oblast’). Zarnowski (1955) 
collected it in the environs of Pulawy, and 
Pojmanska (1956) found it in voles from 
the vicinity of Poznan. Heretofore, P. 
brevis has not been reported west of Po- 
land. It was suggested by Rausch and 
Schiller (1949b) that P. brevis may be 
conspecific with P. infrequens, since there 
appear to be no morphological differences. 
Spasskii (1951) stated (p. 312) in ref- 
erence to P. brevis: “In its anatomo- 
morphology and ecology (habitat in the 
large intestine of the vole) is an indica- 
tion this species is identical with P. 
troescht Rausch, 1946, described from a 
vole in North America.” P. troeschi is a 
synonym of P. infrequens (Rausch and 
Schiller, 1949b). Morphological varia- 
tion in P. brevis was observed by both 
Spasskii (1951), who published descrip- 
tions of specimens from Siberia and from 
the Transcaucasus, and by Zarnowski 
(1955). The writer has from Belgian 
voles specimens which are clearly refer- 
able to P. infrequens and indistinguishable 
from P. brevis. Since these cestodes are 
obviously identical, P. brevis becomes a 
synonym of P. infrequens. 

4. Paranoplocephala variabilis (Dou- 
thitt, 1915) is distributed over much of 
North America, including Alaska, but is 
unknown from Eurasia. It is of interest, 
however, that the cestodes described by 
Spasskii (1951, p. 308) from the Novo- 
sibirsk Oblast’ resemble P. variabilis in 
some of the more important diagnostic 
characters. P. variabilis is most often 
found in Microtus spp. 

5. Paranoplocephala lemmi Rausch, 
1952, is known only from boreal North 
America, where it occurs in Lemmus. 
This species, both morphologically and in 
its habitat requirement (cecum of the 
host), is similar to P. imfrequens. P. 
lemmi may eventually be found to repre- 
sent an extreme variant of P. infrequens. 


6. Paranoplocephala neofibrinus Rausch, 
1952, has been reported but once, from 
Neofiber in Florida. It certainly is not a 
part of the boreal fauna, and may be re- 
stricted to the one species of rodent. Ad- 
ditional work is needed to determine this. 


DISCUSSION 


The present work is concerned with 
the helminths occurring in microtine ro- 
dents of the genera Dicrostonyx, Lemmus, 
Clethrionomys, and Microtus. These 
mammals are closely related phylogeneti- 
cally, and their digestive tracts have be- 
come similarly adapted to a diet of rela- 
tively coarse, fibrous vegetation. They 
appear to fulfill more or less uniformly 
the habitat requirements of several spe- 
cies of helminths, although there are a few 
which demonstrate a definite host-speci- 
ficity. 

Dicrostonyx and Lemmus are relatively 
quite restricted in their distribution, and 
rodents representing the four genera co- 
exist only in high-boreal regions. Also, 
in these animals several species of hel- 
minths are present only at high latitudes. 
Of the latter, a few range widely over 
the North American continent but most 
of these are holarctic species with ap- 
parently limited distribution in North 
America. The relationships of the hel- 
minths in microtine rodents as observed 
in Alaska are summarized in table 1. 
These are discussed below only in refer- 
ence to genus of the host, since, with the 
exception of Microtus, each genus is rep- 
resented in Alaska by only one species, 
and besides, we cannot yet define any dif- 
ferences existing at the species level. 

Since Dicrostonyx is not always iso- 
lated ecologically from Lemmus and M1- 
crotus, it would seem that frequent ex- 
posure to infection by a variety of hel- 
minths would be unavoidable. It may be 
seen from the table that Dicrostonyx has 
few helminths in common with the other 
genera, Andrya arctica and Hymenolepts 
horrida being the only cestodes showing 
little development of host-specificity. 
Paranoplocephala variabilis was reported 
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TABLE 1. Occurrence of the more common parasitic helminths in 4 genera of microtine rodents in Alaska 


Hosts 
Clethrionomys 


Dicrostonyx Lemmus Microtus 


Cestoda : 


*Andrya macrocephala Douthitt, 1915 

A. arctica Rausch, 1952 
*Paranoplocephala omphalodes (Hermann, 1783) 
*P. infrequens (Douthitt, 1915) 

P. variabilis (Douthitt, 1915) 

P. lemmi Rausch, 1952 

*Hymenolepis horrida (von Linstow, 1901) 
*Catenotaenia dendritica (Goeze, 1782) 
*Echinococcus multilocularis Leuckart, 1863 
*Taenia mustelae Gmelin, 1790 

*T. crassiceps Rudolphi, 1810 

*T. polyacantha Leuckart, 1856 


Nematoda: 


Nematos piroides spp. 

Heligmosomum hudsonius Cameron, 1937 
*H. costellatum (Dujardin, 1845) 
* Mastophorus muris (Gmelin, 1790) 
Syphacia arctica Tiner and Rausch, 1950 
*S. obvelata (Rudolphi, 1802) 


Trematoda : 
Quinqueserialis spp. 


AK 


A 


* Species known to be holarctic. 


in Dicrostonyx in eastern Canada (Schad, 
1954), and, of the larval cestodes, only 
those of Taenta crassiceps have been 
found in the collared lemming, and these 
in northern Canada (Rausch, 1952). In 
localities where Lemmus and Dicrostonyx 
occur together, a high proportion of the 
former may be found infected with the lar- 
val cestode, Taenta mustelae, the latter 
never. The definitive hosts of this ces- 
tode are Mustela erminea and M. rixosa, 
both frequently coexisting with the brown 
and collared lemmings. It would again 
seem that exposure to infection would be 
inescapable for Dicrostonyx. Further, 
larvae of Echinococcus multilocularts in 
experimentally-induced infections devel- 
oped abnormally in Dicrostonyx as com- 
pared to Lemmus and Microtus (Rausch 
and Schiller, 1956). Two species of ne- 


matodes, however, are known only from 
Dicrostonyx ; both, Syphacia arctica and 
Heligmosomum hudsonius, are found in 


the cecum, the latter coiled around the 
cecal villi. 

The helminth fauna of Lemmus is much 
like that of Microtus. Only one cestode 
appears to be specific to Lemmus, Parano- 
plocephala lemmi, which is presently re- 
garded as distinct from P. infrequens, al- 
though they are alike morphologically and 
ecologically ; both are found in the cecum 
of the host. Lemmus can serve equally 
well with Clethrionomys and Microtus as 
an intermediate host for E. multilocularis. 

Although the helminths of Synaptomys 
are poorly known, its affinities in this 
connection appear to be with Microtus. 
From the few specimens examined in 
Alaska, the writer has collected Parano- 
plocephala imfrequens and the larval 
Taenia mustelae. P. variabilis has also 
been recorded from Synaptomys (Rausch, 
1952), and in eastern Canada, Schad 
(1954) collected P. infrequens and T. 
tenuicollis (= T. mustelae). 
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Besides Dicrostonyx, the tribe Lemmini 
contains the genera Lemmus, Synaptomys, 
and Myopus (Simpson, 1945). Accord- 
ing to Hinton (1926, p. 35), “Dicrostonyx 
is fundamentally the most primitive of the 
lemmings, and is by. its structure one of 
the most isolated genera of the subfamily.” 
The intestine of Dicrostonyx is modified 
to a degree not seen in the other genera 
considered here, in that the cecum pos- 
sesses strongly developed villi (see Voge 
and Bern, 1955). In Lemmus and the 
nearctic Synaptomys, the cecum lacks 
villi and the intestinal tract more closely 
resembles that of Microtus. The writer 
has no information on the anatomy of the 
palearctic Myopus, whose helminths ap- 
parently have not been investigated. 

In the writer’s opinion, the host-para- 
site relationships discussed above clearly 
support Hinton’s view that Dicrostonyx 
occupies an isolated position in the Micro- 
tinae. Excepting Myopus, for which little 
information is available, it might be said 
that Dicrostonyx differs more from the 
other genera of the tribe in important de- 
tails of its structure and in its helminth 
fauna than the latter do from some mem- 
bers of the Microtini (e.g., Microtus). 

The genera Clethrionomys and Micro- 
tus are included in the tribe Microtini. 
Clethrionomys is distributed over most of 
Alaska, where it is commonly found in 
the boreal forests, but it also occurs be- 
yond the forest limits and may coexist at 
times with Dicrostonyx, Lemmus, and 
species of Microtus. In addition to those 
listed in Table 1, Andrya macrocephala 
has been reported from Clethrionomys in 
eastern Canada (Schad, 1954), and a 
questionable record of Paranoplocephala 
infrequens was given for Minnesota 
(Rausch and Tiner, 1949). The identity 
of the Syphacia in the red-backed vole 
has not been certainly defined, but ex- 
cluding the possibility that it is host- 
specific, the only helminth of red-backed 
voles not known in other microtine ro- 
dents is the cestode, Catenotaenia den- 
dritica. The latter has been collected 
from animals taken in forested regions, 


so it is possible that its occurrence is more 
dependent upon the habitat of the host 
than upon host-specificity. The same pos- 
sibility of an ecological specificity exists 
in the case of Mastophorus muris (Rausch, 
1952; Schad, 1954). This nematode 
parasitizes Microtus in central North 
America. 

The species of Microtus comprise a 
particularly homogeneous group, and the 
study of their helminths in North Amer- 
ica has shown few differences in host-oc- 
currence which cannot be explained as 
an effect of extrinsic factors (e.g., dissimi- 
larities in the habitats of the hosts; re- 
stricted geographical distribution of cer- 
tain species of helminths) (Rausch and 
Tiner, 1949; Rausch, 1952). But for P. 
lemmi, P. neofibrinus, and A. primordi- 
alis, all the species of anoplocephaline 
cestodes in North American microtine 
rodents have been reported from species 
of Microtus. Andrya bairdi, however, 
is known only from M. chrotorrhinus. 
Structurally, this vole is “. . . quite 
unique in the subgenus Microtus” (Bailey, 
1900, p. 58), and has a relatively limited 
range in eastern North America. Fur- 
ther investigation may prove that A. 
bairdi is specific for M. chrotorrhinus. 

The occurrence of certain cestodes in 
Microtus spp. on islands in the Bering 
Sea suggests that they had differentiated 
before the end of the Pleistocene period, 
and prior to considerable evolutionary di- 
vergence in their hosts. Paranoplocephala 
omphalodes and P. infrequens, for ex- 
ample, are found in M. abbreviatus on St. 
Matthew Island. The St. Matthew group 
of islands is regarded as having been iso- 
lated since some time prior to the last 
Pleistocene glaciation, when the last land- 
bridge between North America and 
Eurasia was present (Walters, 1955). 
Although some controversy exists as to 
whether M. abbreviatus is more closely 
related to M. oeconomus or to voles of 
the subgenus Stenocranius (represented 
by M. gregalis in Siberia, and by M. 
miurus in boreal North America), it is 
nevertheless specifically distinct. This 
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suggests that the precursor of M. abbrevi- 
atus reached the St. Matthew Islands long 
before certain other species of microtine 
rodents invaded North America, probably 
via the last land-bridge (cf. Gilmore, 
1942). Some of the latter, such as the 
holarctic Microtus oeconomus and Cle- 
thrionomys rutilus, have diverged little in 
continental North America. That the 
cestodes P. omphalodes and P. infrequens 
could have been introduced to St. Matthew 
Island in more recent times is possible; 
infected mites conceivably might have 
been carried in by birds or in floating 
debris, but this seems most improbable. 

The cestodes have not been investigated 
on the Pribilof Islands; since the latter 
are also in deeper water they would ap- 
pear to have been isolated at least as long 
as the St. Matthew Islands. Here, the 
one species of microtine rodent present 
(Lemmus) is conspecific with that oc- 
curring on the North American conti- 
nent. This fact, however, does not neces- 
sarily invalidate the hypothesis that the 
degree of divergence shown by M. ab- 
breviatus is indicative of long isolation. 
On St. Lawrence Island, not isolated dur- 
ing the last Pleistocene glaciation, are 
found well differentiated subspecies of 
M. oeconomus and C. rutilus, both char- 
acterized by large size. Amdrya macro- 
cephala and P. infrequens have been col- 
lected here from M. oeconomus. 

It appears, therefore, that anoplocepha- 
line cestodes such as Paranoplocephala 
omphalodes, P. infrequens, and Andrya 
macrocephala existed in their present 
form prior to the invasion of North Amer- 
ica by some of the species of microtine ro- 
dents now holarctic in their distribution. 
Relatively minor morphological changes 
have taken place in some of these rodents 
during and since the Pleistocene period, 
but there probably has been little or no 
change in their dietary habits, and none 
in their alimentary canals. Consequently, 
with little change in the habitats of the 
cestodes, it is probable that they have 
long been genetically stabilized. 

Since some of these cestodes are now 
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widely distributed over two continents, it 
is impossible to determine whether their 
origin was Eurasian or North American. 
However, it seems significant that the 
known North American range of P. 
omphalodes on the continent corresponds 
approximately to that of two holarctic 
species of voles, Microtus oeconomus and 
Clethrionomys rutilus, considered to be 
palearctic in origin (Gilmore, 1942; Zim- 
mermann, 1942). 


SUMMARY 


The taxonomic status of anoplocepha- 
line cestodes of microtine rodents has 
been reviewed. Of the genus Andrya 
Railliet, 1883, five species are considered 
valid: A. macrocephala Douthitt, 1915; 
A. primordialis Douthitt, 1915; A. mon- 
tana Kirshenblat, 1941 ; A. arctica Rausch, 
1952; A. bairdi Schad, 1954. Of the 
genus Paranoplocephala Luehe, 1910, six 
species are regarded as valid: P. ompha- 
lodes (Hermann, 1783); P. blanchardi 
(Moniez, 1891) ; P. infrequens (Douthitt, 
1915); P. variabilis (Douthitt, 1915); 
P. lemmi Rausch, 1952; P. neofibrinus 
Rausch, 1952. Andrya caucasica Kirsh- 
enblat, 1938, and A. bialowizensis Soltys, 
1949, are regarded as synonyms of A. 
macrocephala. Paranoplocephala brevis 
Kirshenblat, 1938, is regarded as a syno- 
nym of P. infrequens. Three species, A. 
macrocephala, P. omphalodes, and P. tn- 
frequens, are holarctic in distribution, oc- 
curring mainly in species of Microtus. 

The uniformity of microtine rodents as 
hosts for various helminths has been dis- 
cussed. It is concluded that Dicrostonyx 
is the most isolated genus from this stand- 
point, having two nematodes which have 
not been recorded from members of other 
genera, and harboring few helminths in 
common with others. This agrees with 
Hinton’s conclusions, based on morpho- 
logical characters of Dicrostonyx. ~ 

From the present concept of Pleistocene 
glaciations, it is concluded that P. ompha- 
lodes and P. infrequens reached the St. 
Matthew Islands, in Bering Sea, as para- 
sites of a vole from which Microtus ab- 
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breviatus has evolved. It appears that 
this vole arrived on these islands before 
North America was invaded, in the late 
Pleistocene, by the palearctic M. oecono- 
mus and Clethrionomys rutilus. The 
present known distribution of P. ompha- 
lodes in North America corresponds 
about to that of M. oeconomus on the 
continent. 
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NOTES AND COMMENTS 


CY L VERSUS CY L-PM TECHNIQUE IN DROSOPHILA 
MELANOGASTER 


Gert BonNIER 
Institute of Genetics, University of Stockholm, Stockholm, Sweden 


In the many studies on mutations in the sec- 
ond chromosome of Drosophila melanogaster 
which have been made during the last decade, 
several types of genetic tests are used. Of 
these the two most common are named by Dr. 
B. Wallace as the Curly Lobe (Cy L) and the 
Curly Lobe-Plum (Cy L-Pm) _ techniques. 
The three second chromosome genes Cy (wing- 
structure), L (eye shape), Pm (eye color) are 
dominant markers in chromosomes with inver- 
sions which more or less completely prevent 
crossing over. The two techniques proceed in 
three consecutive matings, the two first of which 
are the same for both techniques (fig. 1). (PI) 
wild type males whose second chromosomes 
are to be analyzed are mated singly to virgin 
Cy L/Pm females; (Fl) Cy L/+ or Pm/+ 
sons are again mated singly to virgin Cy L/Pm 
females. In the Cy L technique the F2 crosses 
consist in mating virgin Cy L/+ females with 
Cy L/+ males from the offspring of F1 parents 
whereas in the Cy L—Pm technique the same 
kind of females are mated to Pm/+ males from 
the same offspring of Fl parents. The genetic 
tests are in both of the techniques made by 
counting the different phenotypes in the F3 
progeny. As is seen from the diagram the F3 
wild type flies are homozygotes. However, if 
one starts simultaneously with two different 
Pl males and thus gets two lines of descent; 
and if, in the F2 matings, the females belong to 
the one, and the males to the other line, then 
the F3 wild type flies will be heterozygotes. 

The setting up of the crosses for making tests 
according to the one or the other technique 
takes just the same amount of labor. The dif- 
ference between the two techniques, from the 
point of view of the amount of information that 
is gained as well as from the point of view of 
amount of labor, lies in the counting and classi- 
fication of the F3 flies. In the Cy L technique 
there are only two classes (disregarding sex), 
viz. Cy L/+ and +/+, and they are very easy 
to distinguish between. In the Cy L—Pm tech- 
nique there are four classes, viz. Cy L/Pm, 
Cy L/+, Pm/+, +/+, which as a rule also 
are easy to classify. But distinguishing Pm 
from non-Pm takes always some more time 
than distinguishing Cy L from non-Cy L and 
with certain genetic backgrounds there may oc- 
casionally be real difficulties in discriminating 
between Pm/+ and +/+. It may thus safely 
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be said that the classification of F3 flies takes 
rather much more than twice the amount of 
labor if one is working according to the Cy L- 
Pm than if one is working according to the 
Cy L technique. 

The most important purpose of the genetic 
tests just described is to evaluate the viability 
of the F3 wild type flies. This is usually done 
by comparing their frequency with other fre- 
quencies. But in the Cy L-technique the only 
comparison available is to the frequency of 
Cy L/+, and it is thus impossible to compare 
the frequency of wild type flies with that of 
flies free from the wild type chromosome, which 
is to be tested. On the other hand, by analyzing 
according to the Cy L—Pm technique one group 
of flies, Cy L/Pm, is free from this wild type 
chromosome, and it is thus possible to compare 
the frequencies of the three types Cy L/+, Pm/+ 
and +/+ with the frequency of the wild type 
free Cy L/Pm. Dr. Bruce Wallace—who, 
together with his coworkers, certainly has con- 
tributed more than anyone else to the study of 
experimental D. melanogaster populations—ex- 
presses in one of his latest publications! his 
opinion of the advantages of the Cy/Pm tech- 
nique in the following words: “The greater 
amount of labor entailed by this test is more 
than offset by the opportunity to determine di- 
rectly the effects of given chromosomes in vari- 
ous types of combinations—with other chromo- 
somes of the same population, with two differ- 
ent tester chromosomes (Cy L and Pm), or 
even with normal chromosomes of other, iso- 
lated populations.” 

This opinion is in principle obviously true. 
But the question may be raised if in practice, 
i.e. from results of actual experiments, much 
more information will be gained from the la- 
borious Cy L—Pm than from the easier Cy L 
technique. Dr. Wallace has certainly himself 
the largest body of data for answering this im- 
portant question of methodology. However, as 
we in our laboratory now are working with 
problems for which the one or the other of 
these two techniques should be used, and as it 
is necessary for us carefully to weigh pros and 
cons, an analysis is made with this question in 


1 Wallace, Bruce. 1956. Studies on irradiated 
populations of Drosophila melanogaster. Journal 
Genetics, 54: 280-293. 
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CyL CyL Pu 
CyL CyL CyL Pp 
Fe x cd QQ x fo fo 
CyL CyL CyL Pu 
+ + Pa + + + 


Fic. 1. P 1 males which in their third chromosome were heterozygous jor 
D were given 3000 r from x-rays, and subsequently mated to Cy femaies. 
Heavy lines indicate irradiated chromosomes. The diagram shows how the 
irradiated first and third chromosome were substituted by non irradiated 


chromosomes. 


view. It is believed that this analysis may be 
of some interest to other workers in the field, 
and, therefore, a short description will be 
given here. This analysis is only concerned 
with the comparisons of the frequencies of +/+ 
and of Cy L/Pm. The two other comparisons 
of Cy L/+ and of Pm/+ with Cy L/Pm, are 
certainly of interest in special cases. For the 
moment, however, the most important question, 
that of evaluating +/+, will be discussed here. 

The analysis is simply made by computating 
coefficients of correlation and regression. Two 
kinds of material have been used. Dr. Wallace 
was kind enough to send to our laboratory flies 
of his populations nr. 3 and nr. 6, with which 
Dr. Litining is making comparative mutational 
studies. In order to try different types of 
genetic tests, I made use of some males of the 
sample from population nr. 6 immediately after 
the arrival of the sample. But instead of mak- 
ing the matings for testing homozygous wild 
type flies in F3 as shown in the diagram (fig. 1) 
with only one Fl son per Pl male, parallel 
matings were made with several F1 sons per Pl 
male. Correspondingly, for testing heterozy- 
gous wild type flies in F3, matings were made 
with several Fl sons for each pair of Pl males. 
This procedure was adopted in order to se- 
cure that, in the homozygous tests both of the 
P1 males’ two chromosomes should be tested; 
and that, in the heterozygous tests, all four 
chromosome combinations for each pair of Pl 
males should be tested. With 32 Pl males of 
the sample which was sent to us from Dr. 
Wallace’s population nr. 6 I have thus made 


tests according to the Cy L—Pm technique using 
several Fl males for each of these Pl males. 
From genetic point of view the findings did, 
as expected, just confirm Dr. Wallace’s pub- 
lished results. Of the 64 tested chromosomes 
(two per Pl male) the homozygotes were in 
58 cases lethal, in 4 semilethal and in 2 sub- 
vital. From the point of view of the present 
problem these homozygous tests are thus with- 
out interest. In the heterozygous tests the 32 
Pl males were arranged in 16 pairs from which 
there were made 305 F2 matings producing 51 
992 F3 offspring. The average was 19 F1 sons 
per Pl male (lowest and highest number 14 and 
23 F1 sons per Pl male. The probabilities that 
not all four combinations are recovered in the 
F3 samples are for 14, 19 and 23 F1 sons per 
Pl male 0.071, 0.017, 0.005 respectively ). 

The second material comes from experiments 
(to be published elsewhere) on strains with 
x-rayed second chromosomes. The wild type 
homozygotes of these strains, 28 in number, 
were non lethal and the strains were maintained 
by mating, generation by generation, Cy L/+ 
females to Cy L/+ males. From these strains 
Cy L/+ males were used as the F1 males in the 
Cy L-—Pm technique, and from the F2 crosses 
(Cy L/+ X Pm/+) of each of the 28 strains 
800 just hatched larvae were collected. Of 
these 400 were transferred to 16 vials with 25 
larvae in each and 400 to 2 vials with 200 larvae 
in each. All vials were similar with regard to 
shape and to amount of food (though the food 
was not weighed). The F3 progeny (=the 
adult stage of the larvae) was not counted 
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TABLE 1. Correlations and regressions between numbers of wild type flies expressed as per cents of 
total progeny (x) and as per cents of the sum of Cy L/Pm and wild type flies (y) 
Regression of y on x 
Coefficient Coefficient deviation 
Tests of heterozygotes from 
population 6 of Dr. Wallace 
Within male pairs 273 0.87 1.49 0.05 
Between averages of male pairs 14 0.88 1.32 0.19 
Larval tests of homozygotes 
25 larvae per vial 
females 26 0.95 1.61 0.11 
males 26 0.92 1.45 0.12 
200 larvae per vial 
females 26 0.87 1.65 0.18 
males 26 0.90 1.40 0.14 


The significance P of all correlations is beyond (or far beyond) the 0.001 point. 


separately for the different vials, but within 
each of the 28 strains females and males were 
recorded separately. 

Within these two materials comparisons are 
made between two variates: (1) the number 
of wild type flies expressed as percent of the 
total progeny; and (2) the number of wild 
type flies expressed as percent of the sum of 
Cy L/Pm and wild type flies. The first of 
these two variates may be called x and the 
second y. The results are summarized in table 
1. The high values of the correlations includ- 
ing their significances and the relatively small 
values of the standard deviations of the regres- 
sion coefficients indicate that, with regard to 
the viabilities of the wild type flies, the use of 
x gives about the same amount of information 
as does the use of y. 

There are two more comparisons which might 
be of help when discriminating between the 
value of using x or of using y. In the larval 
tests the results were recorded for the two sexes 
separately. It is thus possible to compute the 
correlation rem between the sexes and to do 
this for x as well as for y. If this correlation 
should be decidedly stronger with regard to 
one of the two variates x and y, then this vari- 
ate would be preferable. These correlations 
are as follows: 


in the case of 25 larvae per vial: for x, rem = 
0.003; for y, rem = 0.21 (P > 0.2) 


in the case of 200 larvae per vial: for x, rem = 
0.66 (P< 0.001) ; for y, rem = 0.61 (P < 0.001) 


The difference between the two correlations in 
the case of 200 larvae per vial is insignificant 
(after transforming to z, the difference is 0.08 + 
0.28). This comparison is thus not in favor 


of any of the two variates x and y. 
When comparing the value of using the one or 
the other of two statistics, that one which has 


the smallest variance is usually looked upon 
as the preferable one. 

The mean value of # is “normally” 0.25 
whereas the corresponding value of y is 0.5. 
When comparing their mean squares (used as 
estimates of variances) one must thus, in order 
to avoid a metric bias, divide the latter mean 
square by 4. When this division is made the 
ratio between the mean square of y to that of x 
is in all cases less than 1 (varying from 0.6 to 
0.9). This speaks in favor of using y. 

Hence, when working according to the Cy 
L-—Pm technique, one finds that the use of x or 
y give, broadly speaking, the same amount of 
information but that y has an advantage as its 
variance is smaller than that of x. To use +, 
i.e. to express the number of wild type flies as 
percent of the total number of flies, is, how- 
ever, just the same as to work according to the 
Cy L technique. And the larger variance of + 
is a very small disadvantage in comparison to 
the very much smaller amount of labor that 
is consumed when working according to the Cy 
L technique than when working according to the 
Cy L—Pm technique. When investigating special 
problems, e.g. the degree of dominance of dif- 
ferent types of viability mutations, it may be 
necessary to resort to the Cy L—Pm technique. 
But it seems that the data presented here 
strongly indicate that, in such tests of wild 
type combinations which in population studies 
may be done regularly at intervals of a cer- 
tain number of generations, the Cy L technique 
is preferable to the Cy L—Pm technique. ~ 
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PROGESTATIONAL AGENTS IN REPTILES: A POSSIBLE CASE 
OF A PHYSIOLOGICAL PREADAPTATION 


RicHarp A. Epcren AND Davin W. CALHouN 
G. D. Searle and Company, Chicago, I Illinois 


Because progesterone-like hormones have no 
demonstrated functions in the reptiles com- 
parable to those in the mammals, the existence 
of such substances in the corpora lutea (Porto, 
1941) and in the blood (Bragdon, Lazo-Wasem, 
Zarrow and Hisaw, 1954) of ovoviviparous 
snakes has troubled comparative endocrinolo- 
gists. The methods of assay employed in these 
identifications (McPhail and Hooker-Forbes 
techniques respectively) apparently are specific 
for progesterone or some structurally related 
compound. Progesterone appears to have two 
important functions in mammals, where it has 
been studied extensively: first it prepares the 
endometrium of the uterus for nidation (im- 
plantation of the zygote) and second, it main- 
tains pregnancy, presumably through its effects 
upon the endometrium (Turner, 1949). Ovari- 
ectomy during the early phases of pregnancy 
leads to abortion or resorption of the young. 
In contradistinction to the latter situation, 
Bragdon (1951) has shown that castration does 
not affect gestation in certain ovoviviparous 
snakes. Nothing appears to be known about 
implantation of the zygotes in the oviducts of 
reptiles; involvement of progesterone in this 
process has not been investigated. The fact 
remains, therefore, that progestins are present 
in reptiles where they have no demonstrated 
function. Recent studies in this laboratory 
have suggested a possible explanation. 

For some years students of mammalian endo- 
crinology have known that progesterone will 
modify the effects of estrogenic substances on 
various target organs. Generally such stud- 
ies have indicated that progesterone inhibits the 
action of estrogens (for review of literature 
see Huggins and Jensen, 1955). Certain work- 
ers, on the other hand, find that progesterone 
will potentiate the effects of estrogens upon 
certain target organs, especially when the es- 
trogens are administered at low dose levels 
(Mason, 1952, chick oviduct; Huggins, 1956, 
rat uterus; Robinson, 1954, 1955, estrus _ be- 
havior). Our own work suggests that pro- 
gesterone and estrone interact as though they 
were competing for some limited reaction site 
or common substrate in the uterus; more ex- 
actly stated our data fit rather closely a simple 
interaction model based upon an assumption of 
competition (Edgren and Calhoun, 1957a, b). 
These data lead naturally to the speculative hy- 
pothesis that an important action of proges- 
terone in the normal sexual cycle may be de- 


scribed as an estrogen-buffering action. Pro- 
gestins are not unique in this respect—corticoids, 
testoids and the multiplicity of estrogens that 
can be isolated from normal mammals would 
appear to be involved similarly, inhibiting es- 
trogen responses at certain doses, enhancing at 
others. Such a complex series of steroid buf- 
fers would be expected to provide a highly 
adaptable and stable system of physiological 
controls acting in conjunction with the single 
feed-back mechanism of the pituitary-gonadal 
axis (Selye, 1947). 

If these physiological speculations on pro- 
gesterone function be correct, or nearly so, a 
plausible case can be argued for preadaptation, 
as the concept has been modified by Simpson 
(1944). Progesterone may be considered to 
have evolved as a member of an estrogen-buffer- 
ing system, this being its primary function in 
the reptiles and lower vertebrates. This func- 
tion appears to have been carried over to the 
mammals. The additional activities that are 
most commonly associated with progesterone 
and its chemical relatives in mammals are 
perhaps secondary developments that evolved 
from the preadaptive progestins of reptiles. 

These speculations leave unexplained the 
maintenance of corpora lutea and the increase 
of progestin titers (Bragdon, 1951; Bragdon 
et al., 1954) through pregnancy in ovovivip- 
arous snakes. A suggestion presents itself by 
analogy with the mammals. Estrogens are 
abortifacient during early stages of gestation 
in many mammals, yet pregnancy urine con- 
tains high concentrations of estrogens (Selye, 
1947). If these mammalian observations can 
be carried over to the reptiles, they suggest 
that the corpora lutea function through preg- 
nancy in reptiles by producing progestins that 
counteract the abortifacient action of the estro- 
gens. In mammals progestins also originate 
from the placenta—experiments are certainly 
warranted to evaluate the possible presence of 
progestins in the primitive placentae of ovovivip- 
arous reptiles. 
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ECOLOGICAL ASPECTS OF THE ORIGINS OF THE TETRAPODS! 


Ropert F. INGER 


Chicago Natural History Museum 


Although ecological aspects of the origins of 
tetrapods must remain uncertain, one hypothesis 
concerning the conditions under which verte- 
brates first invaded the land has been assumed 
to be correct, or at least has not been questioned 
in recent years. Barrell (1916) proposed that 
the Upper Devonian red beds, in which so many 
choanate fishes (lung fishes and crossopterygi- 
ans) were found, were indicators of a warm 
semi-arid climate. He further suggested that 
the air bladder of the choanates represented an 
adaptation to deoxygenation caused by seas- 
onal shrinkage in water volume. 

In a lecture given at Yale in 1917, Lull (1918) 
made explicit the logical extension of Barrell’s 
ideas. Lull postulated that the droughts char- 
acteristic of the Devonian basins constituted the 
principal element in a strong selection pres- 
sure favoring those vertebrates that could 
emerge from water and thus avoid asphyxia and 
maintain an active existence while the aquatic 
habitat disappeared. Lull seems to imply that 
terrestrial existence was more or less continu- 
ous during the dry periods. Romer (1933, 
1945), however, has modified this view of the 
earliest tetrapods by suggesting that at first 
terrestrial habits were confined to migrations 
from drying pools to those with somewhat more 
water. The picture as altered by Romer has 
been accepted largely without challenge and re- 


1[T am indebted to D. Dwight Davis, Robert 
H. Denison, and Everett C. Olson for helpful 
advice and criticism. 


cent studies (e.g. Orton, 1954; Colbert, 1955; 
Goin and Goin, 1956) have taken it as their 
starting point. 

Obviously discussions of tetrapod origins are 
highly speculative and are likely to remain so. 
Nevertheless, it should be possible to judge any 
hypothesis on the basis of current knowledge of 
the ecology (in the broadest sense) of living 
vertebrates, geochemistry, and paleoecology. 

The point on which the Barrell-Lull-Romer 
hypothesis stands or falls is the interpretation 
of red beds. Barrell’s idea that the red beds 
were inland fluviatile deposits laid down under 
semi-arid conditions has been restated in vari- 
ous geological textbooks (e.g., Grabau, 1920; 
Schuchert and Dunbar, 1933, 1941; Dunbar, 
1949; Romer, 1945) with the substitution of 
“arid,” “drought conditions,” or “seasonal 
droughts” for “semi-arid” the only alterations. 
But none of these sources adduces evidence for 
this interpretation. 

Krynine’s (1949) geochemical studies have 
shown that 95 per cent of present day red soils 
—the primary source of red beds—are formed 
at mean annual temperatures above 60° F. and 
in areas with annual rainfall exceeding 40 inches. 
These temperature requirements can be satisfied 
only in the tropics or subtropics. The neces- 
sary rainfall can be found today both in areas 
with alternating wet and dry seasons and in 
areas that are continuously humid. And red 
soils are characteristic of both types of tropical 
climates. Thus the temperature conditions 
postulated by Barrell are supported by Kry- 
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nine’s work. But the critical point here is 
that, on the basis of geochemical data, a cli- 
matic situation very similar to that of con- 
temporary tropical rain forests is as good an 
interpretation of the depositional climate of red 


beds as the “periodic drought” hypothesis. | 


There is no necessity for assuming semi-arid 
conditions. ‘ 

Besides lacking support from geochemistry, 
the Barrell-Lull-Romer interpretation exposes 
the pioneer tetrapod to the greatest hazard 
presented by the physical environment, namely, 
desiccation. This danger is always at a mini- 
mum in the continuously humid tropics and at 
a maximum during the dry season in other 
parts of the tropics. In the latter area the 
hazard is reduced during the rainy season, but 
then the stimulus postulated by Lull and Romer 
is absent. 

Today, and presumably ever since the Car- 
boniferous, a few bony fishes regularly breathe 


atmospheric oxygen and some even have ter- 


restrial habits. Though some of these fishes 
are found in the Temperate Zone (e.g., Ameiu- 
rus), the great majority are confined to the 
tropics. Two Oriental genera are most famous 
for these abilities: the mud skippers (Perioph- 
thalmus) and the climbing perch (Anabas). 
The former lives in brackish water and spends 
almost as much time out of water as in. 
Anabas, and the other genera to be mentioned 
below, is a fresh-water fish that comes to the 
surface regularly to gulp air and apparently 
must do so to survive. In Southeast Asia and 
the Greater Sunda Islands the list of air- 
breathing fresh-water fishes includes the bettas 
(Betta), gouramies (Osphronemus and Tri- 
chogaster), snakeheads (Ophicephalus), flat- 
head catfishes (Clarias and Prophagorus), and 
the pouched catfish (Heteropneustes). 

All of these Oriental genera have in common 
accessory respiratory structures capable of tak- 
ing up atmospheric oxygen and some reduction 
of the respiratory surfaces of the gill arches. 
Periophthalmus, for example, has numerous, 
highly vascularized folds of epithelium in the 
mouth and pharynx and a diverticulum enlarg- 
ing the respiratory chamber (Harms, 1929). 
Anabas and the other anabantids (Betta, Os- 
phronemus, Trichogaster) have a rather large 
chamber opening into the gill cavity and con- 
taining the “labyrinthine” organ, a respiratory 
structure composed of a series of plates. Ophi- 
cephalus also has a_suprabranchial cavity, 
which, however, is merely lined with a thin 
epithelium (Smith, 1945). The accessory re- 
spiratory organ of the clariid catfishes is a den- 
dritic structure located in a diverticulum from 
the gill chamber. Heteropneustes has a pair 
of long, hollow sacs opening into the gill cavity 
and extending back through the epaxial mus- 
culature (Smith, 1945). 


With the exception of Periophthalmus, these 
fishes commonly live in sluggish or standing 
water (canals, ditches, swamps, and lakes and 
ponds) though they are not restricted to such 
situations. Because of the high air tempera- 
tures and the heating of the water by insola- 
tion, these tropical waters, particularly the 
smaller bodies, are deficient in oxygen and only 
fishes tolerant of very low oxygen tension or 
capable of utilizing atmospheric oxygen thrive 
in them. The abundance of these air-breathing 
fishes in these warm, stagnant waters suggests 
that the original selective advantage of an air 
chamber was to enable fishes to remain in the 
warm water that must have characterized the 
Upper Devonian. 

The tropical Oriental genera now occur in 
areas of seasonal droughts as well as in areas 
with more or less heavy rains throughout the 
year. Where the dry seasons are long enough 
to lower water levels to the danger point, some 
of these fishes, particularly Ophicephalus and 
Heteropneustes, burrow into the mud and aes- 
tivate (Smith, 1945). None, however, are re- 
ported to migrate from drying pools to larger 
bodies of water, despite the fact that several 
(Anabas and Clarias) are well known for their 
powers of terrestrial locomotion. 

Smith, who had many opportunities to ob- 
serve all of these fishes in Thailand during a 
twelve-year residence, said that Anabas does 
not feed while on land and apparently merely 
moves at random from one body of water to 
another. Presumably its terrestrial locomotion 
is a means of locating new, unexploited habitats, 
thus removing itself from competition with 
other pond fishes. 

Smith suggested that Clarias left water “. . . 
in search of better living or feeding conditions 
or perhaps to escape enemies.” In Africa, 
where Clarias is also widely distributed, the 
species, lazera, leaves the water at night in 
order to feed on millet (Vaillant, 1895). A 
specimen of Clarias lazera in the Chicago Natu- 
ral History Museum has its stomach chock full 
of a grain remarkably like millet. 

My own observations of Clarias and Betta 
unimaculata in the continuously humid rain 
forest of Borneo demonstrate that these fishes 
move over land and are able to by-pass water- 
falls of considerable height. Petta, a three-and- 
a-half-inch fish, is frequently found above water- 
falls as much as fifteen feet high (Inger, 1955), 
and I have collected Clarias on one occasion in 
a pool upstream from two waterfalls each of 
which was at least sixty feet high. These 
Bornean fishes were living in small streams of 
clear water and with numerous riffles, situations 
in which oxygen tensions should have been 
near the maximum possible at temperatures be- 
tween 24° and 27° C. Stomachs of both fishes 
contain aquatic and terrestrial invertebrates, 
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though the latter were probably eaten as they 
fell into the streams. 

In the Oriental Region today the ecological 
situation spans the possibilities of the Upper 
Devonian and early Mississippian habitats of 
the first tetrapods. The geochemical data limit 
possible origins to the tropics, either areas with 


continuous rainfall or those with markedly sea- . 


sonal precipitation; the area from Burma to 
Borneo includes both types of climate. Air- 
breathing fresh-water fishes, though abundant 
in this region, do not migrate to avoid desicca- 
tion in shrinking pools during seasonal droughts. 
On the other hand, some of them move over- 
land in extremely humid climates and in the 
complete absence of stimulation from either 
shrinkage of water volume or deoxygenation. 

These observations suggest that the proximate 
selective factor in the first terrestrial activities 
of the vertebrates was population pressure, as 
already proposed by Ewer (1955). Romer 
(1945) considers but rejects the possibility 
that predation was the stimulus because the 
prototetrapods were among the largest verte- 
brates in fresh water. However, predation is 
not the only interaction between species and in- 
dividuals. 

Arguing by analogy from the known to the 
unknown, the original function of overland 
movements may have been the invasion of new 
aquatic habitats, as in the cases of Anabas, 
Clarias, and Betta, with the selective advantage 
that accrues to wide dispersal. For Clarias 
and Betta, invasion of new habitats—“pioneer” 
habitats, in the sense of ecologists—results in 
reduction of the competition to which they are 
exposed in heavily populated waters. The 
prototetrapods would have benefited in the 
same way. 

Gunter (1956) has postulated that the pres- 
ence of an unexploited food supply was an im- 
portant factor. Romer also considers this factor 
but rejects it because, as he maintains, there 
was no food supply for a large terrestrial 
predator. Actually, at least arachnids had be- 
gun to invade the land during the Devonian, if 
not earlier. Fossil scorpions and mites are 
known from that period on and spiders and 
phalangids from the Carboniferous (Stgérmer 
et al., 1955). When a few fossils of such rela- 
tively soft-bodied organisms remain, it is rea- 
sonable to assume that at least a modest fauna 
existed. As to the suitability of these inver- 
tebrates as food, the feeding habits of some 
contempory predaceous vertebrates are illuminat- 
ing. Varanus rudicollis, a three- to five-foot 
monitor of Malaysia, feeds on invertebrates in- 
cluding spiders and scorpions. The food or- 
ganisms found in individuals with the above 
size range vary in length from 10 mm. to 90 
mm. (unpublished data). Somewhere along 
the line the terrestrial crossopterygian probably 
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began to feed on terrestrial invertebrates, just 
as Clarias and Periophthalmus do today. At 
that point the stage was set for the adaptive 
radiation of the tetrapods. 

The sequence of events outlined here—ter- 
restrial migration leading to new aquatic habi- 
tats, terrestrial feeding, and finally, adoption 
of a terrestrial habitat—is consistent with the 
Barrell et al. hypothesis and, in fact, has been 
suggested by Lull and Romer. Whether the 
climate of the Upper Devonian was charac- 
terized by periodic droughts or by uniform an- 
nual rainfall, the sequence is unaffected. But 
the stimulus inducing the first terrestrial move- 
ments is affected by the climatic interpretation. 
Furthermore some of the morphological “prob- 
lems” connected with tetrapod origins are also 
affected. 

Orton (1954), for example, advances the 
idea that the original function of the tetrapod 
limb was for burrowing into mud in order to 
aestivate. The ecological framework for her 
idea is that “a dry era, such as the Upper 
Devonian, would be a particularly inauspicious 
time for the emergence of aquatic animals onto 
the land.” Orton also comments on the burrow- 
ing propensities of contemporary amphibians 
living in semi-arid regions. 

If the prototetrapods did not live in a semi- 
arid climate, then the ultimate stimulus to bur- 
rowing postulated by Orton never existed. On 
the contrary, if the first tetrapods arose in a 
continuously humid climate, the Upper Devonian 
would have been a favorable rather than “in- 
auspicious” time for the emergence, and the 
original fossorial adaptation of the tetrapod 
limb, as proposed by Orton, would have lacked 
the great selective advantage she postulates. 

Goin and Goin (1956) attempt to explain how 
stenohygric animals, such as the earliest tetra- 
pods probably were, could migrate overland 
during the droughts. They point out that in 
Florida amphibians move from shrinking ponds 
immediately following rain. But the duration 
of droughts in Florida is less than those of 
most tropical monsoon climates. Florida nor- 
mally does not have more than 25 successive 
rainless days (Goode’s School Atlas, 1939, New 
York, Rand McNally & Co.) whereas in most 
of the African savanna, for example, rain may 
not fall for two or three months at a time 
(Publ. Inst. Nat. Agron. Congo Belge, Bur. 
Climat., No. 3, 1951). Consequently, the ap- 
plicability of the situation in Florida to this 
problem is questionable. Be that as it may, the 
important point here is that the problem may 
not have existed—if the tetrapods arose in a 
continuously humid climate. 

According to Colbert (1955), the early am- 
phibians were faced with at least two problems: 
protection from desiccation and reduction in the 
weight load imposed by the fish-scale covering 
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they had inherited. Solutions to these problems 
appear incompatible since the scales offer pro- 
tection from desiccation. Here, again, an ap- 
parent problem depends on semi-arid conditions. 
In the wet tropics today, animals that are 
notably stenohygric—Onychophora, leeches, 
and amphibians—move about over land as 
though they were independent of water. Simi- 
larly, if the tetrapods arose in a continuously 
humid climate, desiccation would have been at 
most a minor problem. Under these circum- 
stances evolution of the exoskeleton would not 
have been restrained by the needs of water 
regulation. 

The position advanced in this brief essay is 
simple. The geochemical analysis of the Upper 
Devonian red beds points to their deposition in 
the tropics under conditions either of periodic 
drought or of evenly distributed rainfall. The 
ecological requirements of contemporary fishes 
and amphibians indicate that the continuously 
humid climate is the more favorable for in- 
vasion of the land. Furthermore the behavior 
and distribution of contemporary air-breathing, 
terrestrial fishes demonstrate that terrestrial 
habits are adopted in a continuously humid cli- 
mate. On the contrary, the alternative climate 
is very unfavorable for amphibious animals and, 
in effect, raises more problems than it solves— 
as witness the papers of Orton, Colbert, and 
Goin and Goin. To advocate this climate as 
the one in which tetrapods arose violates the 
principle of parsimony. 
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THE EVOLUTION OF THE SCROTUM 


RUIBAL 


Division of Life Sciences, University of California, Riverside, California 


It has long been assumed that the scrotal sacs 
of mammals serve as thermoregulating organs 
for the testes, and in the evolution of mammals 
the descent of the testes from the abdominal 
cavity was an adaptive consequence of the sen- 
sitivity of spermatogenesis to high tempera- 


tures. This thermoregulatory function of the 
scrotum is inferred from the fact that the body 
temperature of most mammals prevents sper- 
matogenesis, and that the scrotum is at a lower 
temperature than the body. Much experi- 
mental work has demonstrated these facts (see 
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Moore, 1926, and Phillips and McKenzie, 1934). 
For example, the scrotal temperature in the 
ram is 5° C. below the rectal temperature. In- 
sulating the scrotum artificially (and raising 
the mean temperature 2° C.) results in ab- 
normal spermatogenesis (Phillips and Mc- 
Kenzie, op cit.). Similarly, testes that are ex- 
perimentally returned to the body cavity de- 
generate and fail to develop spermatozoa 
(Moore, op. cit.) and cryptorchid testes never 
produce spermatozoa. 

Portmann (1952) has recently questioned 
whether the primary function of the scrotum is 
the thermoregulation of the testes. More re- 
cently, Amadon (1954) lauded Portmann’s 
contention that the scrotum instead of being a 
thermoregulator was primarily a visual sexual 
signal. Portmann’s support of his theory is that 
in many primates, many artiodactyls, and a few 
other animals, the anal and scrotal regions may 
be conspicuously ornamented or colored. This 
adorning of the sexual area is correlated with a 
highly developed visual sense. The scrotum, in 
this theory, is merely another adornment in the 
anal area. Amadon (op. cit.) points out that 
such sexual signals would have an obvious 
selective value during mating. It is evident that 
the major flaw in Portmann’s argument is that 
in the great majority of mammals (that have 
permanent or seasonal scrotums) the scrotum 
is relatively inconspicuous and/or the visual 
sense is of minor importance in sex recognition. 
As an example may be cited the case of the 
Chiroptera where the scrotum may be enlarged 
and evident in some species, yet visual clues 
probably play little, if any, part in sex recog- 
nition or mating. In other mammals mating 
is nocturnal (some carnivores and artiodactyls ) 
or takes place in the dark (burrowing rodents). 
It would thus appear as though the primates and 
artiodactyls with conspicuous anal regions are 
a small and exceptional group. It is not de- 
nied that the scrotum is a sexual signal in some 
mammals, however, it is highly doubtful that 
this is the primary adaptive value of the scrotum. 

Portmann’s criticism of the thermoregulatory 
function of the scrotum is based on two sets of 
facts: (a) Some mammals (Cetacea, Edentata, 
Proboscidea, Hyracoidea, Monotremata, and 
some insectivores) have internal testes that do 
not descend from the body cavity. (b) Birds 
have as high or higher body temperatures than 
mammals yet lack a scrotum. 

The presence of abdominal testes in some 
mammals may be partially explained. The 
thermoregulatory theory implies that the ab- 
sence of a scrotum is a primitive character, and 
that the descent of the testes (seasonal or per- 
manent) must have evolved parallel with ho- 
moiothermy. It is thus probable that the ab- 
sence of a scrotum in the monotremes and 
edentates is a reflection of their low body tem- 
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perature and imperfect homoiothermy (Wis- 
locki, 1933). As to the whales it must be 
pointed out that, contrary to most references, at 
least some whales do have a scrotal sac or 
rather a descent of the testes to an inguinal 
area (Eckstein and Zuckerman, 1956, p. 99). 
The Proboscidea and Hyracoidea thus stand 
out as the two groups of homoiothermous mam- 
mals with abdominal testes that make a strong 
exception to the rule. I would feel, however, 
that this exception is not sufficient to deny the 
general validity of the theory. Rather, it 
would appear as an interesting study to deter- 
mine by what adaptations these animals have 
resolved the dilemma of conducting spermato- 
genesis at a high body temperature. 

The fact that birds have abdominal testes and 
yet have a high body temperature fails to sup- 
port the thermoregulatory theory of the origin 
of the scrotum. It may also be considered as 
evidence that contradicts the theory. Birds 
and mammals have undergone much parallel 
evolution as a result of both groups evolving 
homoiothermy. It is certainly true that if 
high temperatures are deleterious to mammalian 
spermatogenesis one would assume the same 
should be true for birds. Recently Wolfson 
(1952) and Salt (1954) described a very in- 
teresting condition in passerine birds that tends 
to suggest that avian spermatozoa are not im- 
mune to the high body temperatures of birds. 
Wolfson found that during the breeding season, 
the enlarged and convoluted portion of the 
bird vas deferens (which serves as a seminal 
glomus for the storage of mature spermatozoa) 
formed a cloacal protuberance located just 
beneath the skin. This swollen portion of the 
vas deferens is hidden beneath the feathers and 
is at a lower temperature than the body tem- 
perature of the birds. It may, therefore, rep- 
resent an organ analogous to the scrotum of 
mammals. Direct evidence has been provided 
by Riley (1937) to show that avian spermato- 
genesis is sensitive to high temperatures. In 
a study of the English sparrow (Passer do- 
mesticus) Riley demonstrated that spermato- 
genesis occurs when the birds are inactive and 
the body temperature is 105° F. However, 
when the birds become active and raise the body 
temperautre to 110° F. there is a complete ces- 
sation of spermatogenesis. Riley noted this 
was comparable to the low temperature require- 
ments of mammalian spermatogenesis. It is 
clear that instead of contradicting the thermo- 
regulatory theory, the avian conditiom does 
provide corroboration, since there is evidence 
of some analogous adaptation. 

In conclusion it may be noted that the ma- 
jority of the evidence clearly supports the theory 
that the evolutionary origin and primary func- 
tion of the scrotum is the thermoregulation of 
the testes during spermatogenesis. Any fur- 
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ther function of the scrotum, such as a sexual 
recognition signal, must be considered as sec- 
ondarily developed. 
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WHAT IS A PALEONTOLOGICAL SPECIES? 


MatTTHew H. NItEckI 


University of Chicago 


Many fine works have been written on the 
subject of species but few have dealt with the 
paleontological species. Man noticed fossil spe- 
cies early but he interpreted their nature at 
first in a way which to us seems now somewhat 
primitive. It is now realized that the orderly, 
beautiful concept of species is shattered and 
what is left is a vague, not quite easily definable 
group. 

There exist many ways in which to define the 
species. The objective of the recent sym- 
posium of the Systematics Association! was 
“for the purpose of promoting an exchange of 
views between zoologists and paleontologists on 
the application of the more recently developed 
taxonomic methods to paleontological prob- 
lems.” 2 

Let’s look at the history of the concept of 
species. We start with the created species of 
Linné, then Buffon, Cuvier, and, finally, the 
well-disciplined school of Darwin. Huxley was 
the St. Peter of evolution—species its rock upon 
which the temple was built. What is the spe- 
cies of today? So many data have been ac- 
cumulated now that they tax the comprehension 
of an individual. And the man who used to be 
the lonely voice of a doubting Thomas on the 
subject of the reality of species, came out openly 
in the recent symposium, and said, “the con- 
cept of a species is a concession to our linguis- 


tic habits and neurological mechanisms.” 3 


1The Species Concept in Paleontology, Sys- 
tematics Association, London, Publ. no. 2, pp. 
1-145, 1956. $2.00 paper bound. 

2 Ibid., White, p. iii. 

3 Ibid., Haldane, p. 96. 


Thus the message the symposium carries is 
that the species is a concept, important in its 
“philosophical” challenge which stimulates 
mental activity. 

The intentions of the editor of the sym- 
posium to bring together as many views on the 
subject of species as possible, were well achieved. 
He has brought together these diverse opinions 
on the subject in a volume of seventeen short 
papers. All discourses will stimulate thought, 
whether they produce disagreement or approval. 

The symposium is divided into two parts: 
the concept in theory and the concept in prac- 
tice. Concept in theory deals with such sub- 
jects as species transgression in one horizon, 
species conflict and the time factor in taxonomy, 
the nature of fossil species and the population, 
the nomenclature and comparison of fossil com- 
munities, and, finally, it ends with a question 
on whether the species concept can be justified. 
The general mood of these papers is that whether 
or not you believe in the validity of the con- 
cept, whether or not you think that species is 
a “real” object in nature, it is a very important 
and certainly worth-while subject. 

The second part consists mainly of the opin- 
ions of the skeptics who think that the species 
concept in paleontology is “quite artificial” but 
that it serves a useful purpose. It covers the 
interests of “working” paleontologists, the use- 
fulness of species, mutations, geographic fac- 
tors, naming of species, and the practical con- 
siderations of carboniferous invertebrate paleon- 
tology. This part reflects the negative approach 
of some paleontologists to the problem of the 
concept of species. 
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In a very general way one can say that part 
one is carried in a spirit of the “New Paleon- 
tology,” which is clearly defined by Sylvester- 
Bradley. He points out that the two concepts 
of species now existing, “biospecies” and “mor- 
phospecies,” are in themselves inadequate, and 
the third concept, that of “chrono-species,” is 
now beginning to be generally accepted. This 
brings the projection of species in time. “Per- 
haps, more than anything else, it is this, the 
comparison of vertical with horizontal varia- 
tion, that deserves the appelation the “New 
Paleontology.” 4 

But it seems to me that the term “New” has 
wider implications than only that relating to 
systematics (taxonomy and evolution). 

With the advancements in the associated fields, 
with the increased awareness of paleontologists 
of it, it is now becoming possible to speak of 
a neopaleontologist. This trend brings also 
dangerous signs of overspecialization—examples 
of which are already numerous. Statistics are 
used for their own sake. The same holds true 
for ecology. Cytology is also being used now 
(latest work on graptolites). Biochemistry, 
with its techniques, is being employed (fossil 
amino acids are being studied). The danger 
here is this—do we study them just because the 
techniques are there or do we use them be- 
cause they are the only tools available in our 
search for further elucidation of paleontological 
problems. 

Likewise, the same holds true for the problem 
of species in paleontology. 

Thus we can quote indefinitely. The new ap- 
proach is valuable. I do not wish to eulogize it, 
but to point out the dangers of overspecializa- 
tion. No one approach to the species concept 
can claim any superiority over the other. 

In an extremely lucid article Parker points 
out, by means of geographical subspecies of 
newts and frogs, that the old beliefs in stability 
of species, discontinuity, external morphological 
differences, and immobility between species can- 
not be any longer accepted and “It is inescapable 
that the neontological concept of a species is 
not briefly definable. The species is not the 
end-product of finite changes but a stage in a 
continuum of infinite change.”5 The barriers 
between species may be removed, and, on the 
other hand, new ones are very gradually formed. 

Accepting his thesis, we arrive at the con- 
clusion that the description of fossil species can- 
not be absolute, and the darkness of the past 
will never be brought completely to light; 
therefore, the fossil species will remain an in- 
complete reconstruction. No amount of pa- 
tience in tracing life’s past manifestations will 
completely possess the key to the problem of re- 


4 Ibid., Sylvester-Bradley, p. 4. 
5 Tbid., Parker, p. 14. 
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construction of past species. How can we dif- 
ferentiate successfully between the complete 
and temporary breeding discontinuity in fossil 
populations ? 

Thus we arrive at the conflict between neon- 
tologist and paleontologist as far as the defini- 
tion of species is concerned. This is dealt with 
by Thomas, who after discussing the following 
topics of conflict—outlook, criteria, methods of 
application, ideas and ideals among paleontolo- 
gists—arrives at the conclusion that “These 
manifold conflicts concerning species concepts 
in paleontology perhaps confirm the common be- 
lief that paleontological taxonomy is, and will 
remain, as much an art as a science.” ® 

Otherwise, Thomas accepts the neontological 
species as real and concrete in nature, while 
he considers the paleontological species to be 
only a concept. Yet he hopes for the achieve- 
ment of the uniform taxonomic unit (value) for 
both paleontology and neontology. 

The time factor in paleontology—the heart of 
paleontological work—is discussed by Rhodes. 
He sees clearly that although individual neon- 
tological criteria are appropriate for species defi- 
nition, there yet is no king’s highway to be 
found for all the known cases. He suggests 
the Dobzhansky and Simpson combination con- 
cept as a desirable common definition for both 
paleontology and zoology. “This concept recog- 
nizes as a species ‘a phyletic lineage (ancestral 
descendant sequence of interbreeding popula- 
tions) evolving independently of others, with its 
own separate and unitary evolutionary role and 
tendencies.’ This concept is not, however, easy 
to apply in the majority of paleontological sam- 
ples, and the word ‘species’ in paleontological 
literature may have a number of different mean- 
ings.” 7 Thus while his review of recent ideas 
on species concept is very instructive, his con- 
tribution to the general problem of species is a 
suggestion that cannot be applied easily to the 
majority of cases. 

Westoll sees the difficulty of defining fossil 
species from both practical consideration of 
fossil limitation (collecting, preservation, etc.), 
and from the semantic and conceptual sides. 
Most of the species so far described (both Re- 
cent and fossil) are morphospecies. Studies of 
biospecies have only recently been undertaken. 
“Tf a series of collections from the same strati- 
graphical level at different localities is available, 
we may come within hailing distance of the 
neontologist concerned with his biospecies, .. . . 
We seem to need a term for such a fossil ‘spe- 
cies,’ biometrically defined and from a single 
thin stratum; when it is studied with the best 
methods available we may feel that we have a 
real and objectively separable assemblage, in- 


6 Ibid., Thomas, p. 31. 
7 Ibid., Rhodes, p. 49. 
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cluding perhaps several ‘morphological spe- 
cies’ based on subjective comparison with holo- 
types; I suggest ‘holomorphospecies’ for such 
an assemblage.” § 

In order not to lose the reader in the maize 
of terminology, the editor has provided the 
glossary of the definitions used in the sym- 
posium, and conveniently placed it at the end 
of the publication. Most of the terms (as ex- 
pected) refer to species concept in some way, 
and forgetting the paleontological weakness for 
homonyms, we are left with the following terms 
for the exclusive use of defining species: bio- 
species, chronospecies, morphospecies, and holo- 
morphospecies. I assume you can use any of 
these depending upon your personal tempera- 
ment. 

Newell, after stating his case for believing in 
the reality of species in nature, discusses the 
differences between the concept of species based 
on type specimen and on population study. This 
difference is, of course, the difference between 
the stratigrapher and neopaleontologist. His 
discussion on taxonomic problems in paleon- 
tology concludes that fossil species can be stud- 
ied in a manner similar to neontology. On the 
subject of variation in fossils, Newell states 
that “Quantitative analyses are required, how- 
ever, for any real appreciation of population 
variability and therefore for adequate charac- 
terization of subspecies and species. After the 
general characteristics of the population have 
been determined, identification or discrimination 
of isolated specimens can be undertaken with 
some confidence, often without recourse to 
biometrical methods.” The difficulty of as- 
signment of the specimens to the related sub- 
species can be overcome by means of a biometri- 
cal analysis, even in cases where the samples 
are small. His discussion of fossil species and 
subspecies ends with the conclusion that “the 
range of discriminatory characters may be taken 
as four standard deviations. Then the means of 
successive species would differ by four stand- 
ard deviations or more and the ranges of varia- 
tion would be essentially non-overlapping. In 
this case separate individuals can readily be as- 
signed to respective species without resort to 
quantitative analysis.” 1° 

Joysey deals with fossil communities. He 
thinks the best way to classify fossils from the 
same horizon is that of the neontologist (whose 
species are in great majority morphospecies) 
and who arbitrarily defines polytypic series— 
and in the case of fossil lineage the division 


8 Ibid., Westoll, p. 54-55. 
® Ibid., Newell, p. 77. 
10 [bid., Newell, p. 80-81. 
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should be made on chronological bases. He ad- 
vocates the statistical supplement to the defi- 
nition of fossils (when possible), not the fre- 
quency distribution of size, nor the ratio of 
growth, but “the parameters of the relative 
growth relationship between pairs of characters 
provide the most satisfactory basis of statistical 
comparison between fossil communities.” 11 

Haldene is very laconic in his discussion on 
justification of species concept. “A dispute as 
to the validity of a specific distinction is pri- 
marily a linguistic rather than a _ biological 
dispute.” 12 

This explanation to me is the most satis- 
factory. 

In paleontology the species concept is very 
difficult; the organism is gone, and in most 
cases only its replaced hard skeletal parts re- 
main. In the concluding article, George con- 
siders “a species, like any other taxon, is thus 
‘a fiction, a mental construct,’ and is the crea- 
tion of the systematist: a ‘good’ species is what 
a competent systematist considers to be a ‘good’ 
species; a species is what is conveniently a 
species; a species is as it is used; a species is 
not found, it is made.” 1% 

The other view is that of White: “Fresh 
breezes are doubtless blowing through the 
musty halls of orthodox paleontology, but some 
of us may be forgiven for thinking that in 
places the amount of wind is excessive.” 14 

To sum up we will say that in this volume 
a remarkable assemblage of papers was achieved. 
That, although the requirement of common con- 
sent has not bee reached, and the definition of 
paleontological species to everyone's satisfaction 
has not been obtained, yet the first steps in that 
direction were taken. This fact of disagree- 
ment among paleontologists is in itself very in- 
teresting. It reflects the fact that old concepts 
are no longer tenable, and that neontological 
concepts cannot be accepted without modifica- 
tions. It may further imply that either we have 
not reached the stage in our understanding that 
will allow us to know beyond doubt what the 
nature of species is—or that fossil species can- 
not be defined exactly with the accuracy of 
physical science. The reviewer thinks that the 
latter is the case. But these are propositions to 
be solved, and while the work in discussion has 
attempted it, it is not yet a final answer. Im- 
portant in their application as they are, the 
papers presented are but first steps in that 
direction. 


11 [bid., Joysey, p. 93. 

12 Tbid., Haldane, p. 96. 

13 Tbid., George, p. 123-124. 
14 [bid., White, p. iv. 


